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PARALLEL REACTION CASSETTE AND ASSOCIATED DEVICES 
This invention was made with U.S. Government support 
under Contract No. 70NANB5H1 037. The U.S. Government has certain rights 
5 in this invention. 

The present invention relates to a disposable parallel reaction 
device for conducting reactions, which device can include a component 
containing all necessary supply and reaction chambers and connecting fluid 
exchange channels. The parallel reaction device is particularly adapted for 
10 conducting polymerase chain reaction ("PCR") assays, and other scientific, 
forensic and diagnostic assays. Synthetic reactions, including combinatorial 
chemistry, can also be conducted in the device. 

The PCR assay has provided a powerful method of assaying 
for the presence of either defined segments of nucleic acids or nucleic acid 
,5 segments that are highly homologous to such defined segments. The method 
can be used to assay body fluids for the presence of nucleic acid specific for 
particular pathogens, such as the mycobacterium causing Lyme disease, the 
HIV virus or other pathogenic microbes. The microbe diagnostic assay 
functions by adding, to a sample that may contain a target segment of nucleic 
.0 acid from the microbe's genome, at least one pair of "primers" (i.e., relatively 
■ short nucleic acid segments or nucleic acid analogs) that specifically bind to 
(i e "hybridize" with) the target segment of nucleic acid. The first primer of 
a pair binds to a first strand of the two-stranded target nucleic acd segment 
and when hybridized, can prime the enzymatic reproduction of a copy of the 
25 second strand of the target nucleic acid segment in a direction arbitrarily 

designated as the downstream direction. The second primer of a pair binds to 
the second strand of the target nucleic acid segment at a position downstream 
from the first primer hybridization site and can prime the enzymatic 
reproduction of a copy of the first strand of the target nucleic acid segment in 
30 the upstream direction. (In the case where the sample is made up of 

smgle-stranded target nucleic acids, the second primer will hybridize with the 
theoretical second strand determined with the Watson-Crick base-painng 
rules ) To the sample are added the monomer building blocks of nucleic acid 
and an enzyme that specifically catalyzes nucleic acid reproduction from a 
3S single strand of nucleic acid to which the short pnmer ,s bound. The enzyme 
is preferably highly resistant to destruction by elevated temperatures. The 
sample -s heated to a DNA melting temperature to separate the two strands of 
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■A ooH thpn cooled to a replication temperature. The 

, ea" Targe, nuCeic acid segment .ha< was originaUv present. Hea„ng nd 

r^d^r^e^r ^^^^^^^^ segment Has .een a.p d as 

much as 2^°-told, or roughly 1 ,000.000-fold 

There are at leas, four critical problems associated w.th 
.h. PCR reaction. First, the degree of amplification achieved by 
Ta:: ; 'create?a li: I ris, of contamination from foreign ONA from 

Thus far. this r,s. has been ^^-^^—^ ZZ^. 
p„c,dures bv ""--t'ng ,h^ react^ns , ^J^^ ris. implies that al, 
,3 expensive to ^J^' ^'^^ ,„ ,„pll,lcation should be 

rr::: posabt pTarm ^n which the samp,e can be inserted ,n a 
contained ,n a disposable p preparation 

controlled, one-timc operation^ hrexttt poLble, conducted within a 
Steps should be minimized and, to the exiem 

20 disposable P'-'orm^^^^ ^^^^ „mpera.ures needed to ■•me,," the nucleic 

:,trrs reagent fluids. This goal is particularly hard to achieve on a 
,5 suitable. *--=^;^^;';^;;7^,^„„„, ^ conducted ,n relatively small 

volumes, generally volumes of no more than about 100 - -""^^ 

. . r ic nreferable to perform multiple, parallel reactions (for 
r::ronrs:::e negaJe comrols, in addition to the sample, using 

,be same a number o. publications on the 

' mechanics o. operaring micro-scale reac.ors. These reactors are often 
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descbed as constructed on silicon-based materials using the etch.ng 
techn.,ues developed by the semiconductor industry^ '""^'"'^^ „ 
However, does no. present an effective solut.on to the problem of how to 
operate a disposable, high temperature microreactor. The present rnventron 
5 pSes an economical, high temperature microreactor with e.,ect,ve valves 
Litabie for use ,n conducting multiple, parallel PCR assays, each using the 
same reagents to assure meaningful results. The microreactor ,s also suitably 
adapted for conducting automated assays even when high temperature and 
considerably high vapor pressure are not a particular concern. 

10 

SUMMARY OF THE INVENTION 

In one embodiment, the present invention provides a device 
for conducting parallel reactions, comprising: la) a cassette formed of a body 
having an upper surface, a lower surface, and an edge, and including an upper 
, , film or a lower film attached to the upper or lower surface, respectively, 
wherein the upper or lower film is formed of a flexible materia,; b. two or 
more reaction flow-ways in the cassette, wherein each reaction ""-"-V 
comprises two or more fluid chambers which comprise a first supply chamber 
and a firs, reaction chamber having an upper wall and a .owe, walL and 
20 wherein the fluid chambers are serially connected by first fluid exchange 
Channels; (c) a valve for controlling the flow of fluid through a firs flurd 
exchange channel; Id. a pump for moving fluids into or out of the f u,d 
Chambers; and (e, a first inlet port on the cassette connected to a frrst supply 
Chamber in each reaction flow-way by a second fluid exchange channel. The 
'5 first supply chamber is preferably a supply chamber having a releasable seal 
" blocKing the outlet into the first fluid exchange channel connecting the first 
supply Chamber to its reaction flow-ways; more preferably, the first supply 
Chamber is an internal-outlet supply chamber. The pump preferably comprises 
a foot-pad pump with loot-pads designed to push on the first supply chamber 
30 to open the sealed outlet and pump fluid into the connected first fluid 
exchange channel. Preferably, the first supply chamber is collapsible upon 
evacuation and finable from a vacuum-collapsed state to a defined volume. 

In one aspect of the invention, the second fluid exchange 
Channel is releasably sealed so as to block the flow of fluids through the 
second fluid exchange channel. Preferably, the second fluid exchange channel 
,s heat.sealed; more preferable, the second fluid exchange channel ,s sealed at 
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multiple locations to prevent fluid communication between the first supply 
chambers. 

In another aspect, the valve used in the context of the 
present invention is a plunger-type valve that is controlled by a pressure 
5 control means for: (i) applying a positive pressure to the plunger-type valve 
such that the plunger-type valve presses against the upper or lower film so as 
to impede the flow of fluid in a first fluid exchange channel, and (ii) releasing 
the positive pressure to the plunger-type valve such that the plunger-type 
valve releases from the flexible film so as to permit the flow of fluid in the first 
10 fluid exchange channel. Preferably, the plunger of the plunger-type valve is 
affixed to an instrument from which the cassette is detachable. 

The cassette can be formed of a body that comprises 
recesses in its upper or lower surface which, together with an associated 
upper or lower film, form the first and second fluid exchange channels, and a 
15 plurality of fluid chambers. In the invention, it is preferred that a fluid 
chamber is formed in the upper or lower surface and at least one first or 
second fluid exchange channel is formed on an upper or lower surface located 
above or below that fluid chamber. The cassette of the present invention 
further comprises: (f) at least one hole situated in the body so as to connect a 
20 first or second fluid exchange channel formed at the upper or lower surface of 
the body with a first or second fluid exchange channel formed at the other 
surface. Preferably, the portion of upper or lower film covering a said fluid 
chamber made up of a recess in the body is embossed to mirror the shape of 
the bottom of the fluid chamber such that when the chambers is evacuated 
25 the film portion will invert to match the shape of the bottom of the chamber. 
Preferably, one of the pumps is a foot-pad pump having a foot pad that fits 
against the surface of the inverted embossed film portion of said fluid 
chamber. 

Preferably, the cassette further comprises: (g) one or more 
30 second supply chambers, wherein two or more fourth fluid exchange channels 
connect the second supply chamber to two or more reaction flow-ways, 
which fourth fluid exchange channels include two or more said valves so that 
fluid from the second supply chamber can be directed to any one of the 
connected reaction flow-ways to the exclusion of the other connected reaction 
35 flow-ways: and (h) one or more second inlet ports on the cassette each 
connected to one of the second supply chambers by a separate third fluid 
exchange channel. Preferably, the device further comprises (i) a metering 
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Chamber interposed betweer, the secor^d supply char^ber ar.d the cor^nected 
Ltion flow-way. The combinatior. of e.er^ents (f). (g). (h). and opt. onal.y (■) 
forms a sample insertion device. Preferably, the cassette has more than one 
such sample insertion device and sufficient reaction flow-ways such that 
5 different experimental samples can be reacted in parallel. 

Preferably, the upper and lower walls of each first reaction 
chamber are formed of an embossed portion of a said upper film and an 
embossed portion of a said lower film, wherein the embossing allows upper 
and lower walls of the first reaction chambers to be brought together to 
10 minimize the volume of the first reaction chambers. Preferably at least one 
pump comprises a foot-pad pump with upper and lower foot-pads designed to 
push together the upper and lower walls of a first reaction chamber. 
Alternatively or in addition, at least one of the pumps comprises gas pressure 
conduits for applying a positive pressure to the flexible upper or lower walls of 
1. a first reaction chamber so as to cause the flexible upper or lower wall to 
press inward thereby decreasing the volume within the first reaction chamber 
and impelling the flow of fluids therefrom. 

In a preferred embodiment, the cassette further compnses (j) 
one or more waste chambers; and (k) an exhaust port for evacuating one or 
20 more of the first reaction chambers or the waste chambers. 

Each embodiment of the invention can further compnse (1) a 
heater for heating one or more of the fluid chambers; (m) a cooler for cooling 
one or more of the fluid chambers; and (n) a temperature monitor for 
monitoring the temperature of one or more of the fluid chambers. Preferably, 
25 a foot-pad for pumping fluid out of the fluid chamber is associated with a 
heater and cooler for the fluid chamber; more preferably, the heaters and the 
coolers comprise a thermoelectric heat pump attached to a heat sink having a 
heater element. Preferably, the heaters and the coolers can change the 
temperature of a fluid chamber at a rate of at least about 5»C per second. 
30 Additionally, each embodiment of the invention can further 

comprise (o) a permanent magnet that can be positioned adjacent to one or 
more of the fluid chambers, or removed therefrom, wherein further the 
invention comprises means for moving the magnet adjacent to or away from 
the cassette. 

.,3 Each embodiment of the invention can also compnse (p) a 

detection chamber or channel having a transparent wall. Further, each such 
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embocment can include (q. a light source capable of directmg „gh, ,o the 
u^nsparen, wall o. a chan,ber or channel; and also .r, a 1-ght de.econ dev.ce 
capable of detecting: (1) the light reflected fronn an illuminated chamber or 
channel having a transparent wall; (2. the light transmitted <''-9^' - 
, illuminated chamber or channel having a transparent wall; or (31 the l,gh. 
emissions emanating from an excted molecule in a chamber or channel hav.ng 

a transparent wall. 

In a preferred embodiment, the invention includes at least one 

valve that comprises: (11a shut-off means comprising a valve ball or pinch 
,0 foot and (2) switching means for pos,t,oning the valve ball or p.nch foot so 
.ha 'the valve ball or pinch foot: („ presses aga,nst the flexible f,lm to cut of. 
flow through a first or second fluid exchange channel, or (ii) releases away 
!Z tbe flexible film to allow flow through the f.rs, or second fluid exchange 
channel. The switching means preferably comprises spring loaded levers. 

,5 Preferably, at leas, one valve comprises: (11 a spacer. (2. a spacer spnng 
mtns for normally pressing .he spacer against the flexible film so as to cut 
off the flow of fluids through a first fluid exchange channel, and (3) an 
elecuomagne. effective when activated to sufficiently release the pressure 
agaTns, the flexible film to allow the flow of fluids through the f.rst or second 

.0 fluid exchange channel.^^^^^^^ ^^^^^^^^^ ^^^^^^^^^ ^^^^^^^^ ^ 

,o, conducting assays in parallel using fluids that are confined » a disposable 
cassette compnsing the disposable assay cassette, wh.ch --P-" « « 
least two reaction flow-ways. .ncluding a firs, reacon flow-way designed to 
25 ece ve an experimental sample and a second reaction flow-way 

des gned to receive and assay a negafve control, ,ii. for each J'";- 
way at leas, one supply chamber connected thereto and conta,n.ng flu ds 
needed in the assay and at least one reaction chamber, (,„> a 
supply Chamber connected with the second reaction flow-way «nta.n,ng the 
30 negative control, and (iv, a test sample supply """^"^^J',^^*'^ 
f„st reacuon flow-way designed to receive a test sample through an ,nlet 
connected with the .est sample supply chamber, valves for ^^'^''^Z 
«ow of fluids in ,he cassette, and an instrument compns.ng a --P;"-" 
control unit for controlling ,n parallel ,h. temperature in a reacon chamber ,n 
,5 e^t,on flow-way. valve actuators for open.ng and clos.ng ,he v.ves ,n 

,he cassette, and one or more pumps fo, push.ng flu.d out of 'he vanous 
supply Chambers and reac.on chambers of the casse„e. Preferably, the 
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cassette further comprises (v) a third reaction flow-way designed to receive 
and assay a test sample and a positive control, (vi) connecting routes between 
the test sample supply chamber and both the first and third reaction flow- 
ways wherein these connecting routes are controlled by valves that allow 
5 selective flow between the test sample supply chamber and either the first or 
third reaction flow-way, and (vii) a first positive control supply chamber 
connecting with the third reaction flow-way containing the positive control. 
Also preferably, the cassette further comprises (viii) a fourth reaction flow- 
way designed to receive and assay a positive control, and (ix) a second 
10 positive control supply chamber connecting with the fourth reaction flow-way 
containing the positive control. As well, the cassette preferably compnses |v) 
a third reaction flow-way designed to receive and assay a test sample and a 
positive control, (vi) connecting routes between the test sample supply 
chamber and both the first and third reaction flow-ways, wherein these 
15 connecting routes are controlled by valves that allow selective flow between 
the test sample supply chamber and either the first or third reaction flow-way. 
and (viii) a first positive control supply chamber connecting with the third 
reaction flow-way containing the positive control. Preferably, the pumps 
comprise one or more foot-pad pumps. Further, the temperature control unit 
20 preferably comprises a thermoelectric heat pump; and the thermoelectric heat 
pump preferably is attached to a heat sink having a heater element. 
Preferably, the valves of this embodiment comprise plunger-type valves. 

The invention further provides a method of conducting 
assays, including chemical diagnostic assays, antibody-based assays and 
25 nucleic acid amplification-based assays, using one of the aforementioned 
devices, which method comprises (a) providing the device for conducting 
assays in parallel, wherein reagents and control materials are pre-loaded into 
the supply chambers; (b) inserting a test sample into the test sample supply 
chamber; and (c) reacting in parallel in separate reaction flow-ways (1) the test 
30 sample and (2) the negative control. Preferably, the reagents or control 
materials include binding domains derived from amibodies; alternatively, the 
reagents or control materials include fluids containing primers, nucleotide 
triphosphates, and ions and buffers suitable for supporting a nucleic acid 
amplification reaction. Preferably, the reacting comprises reacting in separate 
3:> reaction flow- ways (1) test sample and (2) negative control with a suspension 
of nucleic acid-binding beads, wherein the suspension of nucleic acid-binding 
beads IS provided by a separate supply chamber for each reaction flow-way; 
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and replacing the flu,d suspending ,he nucle.c acid-binding beads w„h a lu,d 
conta p'--- ^''<^o.,^'^.s. and ions and bu.fe.s su.tabie for 

supporting a nucleic acid amplification teaction. Preferabiy, the nuCe.c ac,d 
binding beads are paramagnetic beads and the replacing step compr.ses 0 
5 Lgnetically locking .he nucleic acid-b.nding beads in place wh„e push.ng the 
suspending fluid into a waste chamber, 12. resuspending the nucle.c acd- 
binding beads in a wash fluid, where.n wash fluid is introduced from a 
separate suppfy chamber for each reaction flow-way, (3. magnet.cally ock.ng 
the nucleic acid-binding beads in place wh.le pushing the suspending flurd rnto 
.0 a waste chamber, and ,4, resuspending the nucleic acid-binding beads ,n the 
fluid containing pnmers, nucleotide tr.phosphates, and ions and buffers 
suitable for supporting a nucle.c acid amplification reaction. 

In a preferred embodiment, the invention relates to a method 
of conducting nucleic acd amplification reactions using the aforement.oned 
,5 device which method comprises (al providing the device for conductrng 
als ys .n parallel, where.n reagents and control materials are pre-loaded ,n,o 
the supply chambers, wherein the reagents or control matenals mdude 
pr mers nucleotide triphosphates, and ions and buffers suitable for suppor ng 
a nuderc acid amplification reaction; (b. inserting a tes, sample ,n.o the est 
ZO amp supply chamber; and ,c, reacting in parallel in separate reaction flow^ 
ways m the test sample, (21 a negative control and (3) a m,«ure of he test 
Z I Id a positive control. The present inventron further P-.e'ab V -elates 
to a method of conducting nucleic acid amplification reactions using the 
o emlioned device. Which method comprises; ,a, P'--^;- 
23 fo, conducting assays in parallel, wherein reagems and control -^-"^^^ 
pre-loaded into the supply chambers, wherein the reagents or cont 
Llude primers, nucleotide triphosphates, and ions and ^"'^''^ ^"'l^^' 
supporting a nucle.c acid amplification reaction; ,b, inserting a test sample into 
he «s. sample supply chamber; and (c, reacting in parallel in separate 
the test samp w y negative control, (31 a mixture of 

30 reaction flow-ways 11) the test sample, 

the test sample and a positive control and (41 a positive control. 

The invention still further provides a device comprising a 
cassette suitable for conducting reactions therein, which cassette comprises a 
body having one or more recesses and one or more embossed f. ms covering 
V-, 'he Lesses Preferably, the cassette includes a hole extends through the 
pod further comprising a fluid exchange channel ,n communication v.,h a 
vie whicn valve is in communication with the hole, and a film having an 
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embossed portion sealed to the body such that the hole and the fluid 
exchange channel are covered. The device further comprises preferably a 
pneumatically driven plunger for pressing the embossed film portion at or 
about the valve, and pressure control means for (i) applying a positive pressure 
5 to the pneumatically driven plunger such that the plunger presses against the 
flexible film so as to close the valve, and (ii) releasing the positive pressure to 
the pneumatically driven plunger such that the plunger releases from the 
flexible film so as to open the valve. 

10 BRIEF DESCPIPTION OF T HF DRAWINGS 

Figures 1A. IB and 1C show a top, side and bottom view of 

a cassette of the invention. 

Figure 2A shows a side view of a Bursapak supply chamber. 
Figure 28 illustrates a method for sealing closed a fluid 

15 exchange channel. 

Figure 2C illustrates how pressure can be used to open a 

Bursapak supply chamber. 

Figures 2D and 2E illustrate a foot-pad that can be used to 
pressurize the fluid in the Bursapak supply chamber. 
20 Figure 3 schematically diagrams a parallel reaction device of 

the invention. 

Figure 4A illustrates a cassette of the invention. 
Figures 4B-4E show the cassette of Figure 4A with various 
subsets of the features thereof illustrated and numbered. 
25 Figure 5A and 5B show a plunger-type valve mechanism for 

regulating fluid flow through a cassette. 

Figure 6 shows in perspective view the part of a plunger-type 
valve located in the body of a cassette. 

Figure 7 shows the parts of a plunger-type valve located 
30 outside the cassette (i.e., in the instrument). 

Figures 8A, SB and 8C show various configurations of valye 
mechanisms for regulating fluid flow through a cassette. 

Figures 9A and 9B show a magnetic spring valve nnechanism 
for regulating fluid flow through a cassette. 
33 Figure 10 shows a support device for rapidly heating and 
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coCng a reacfon chamber and providing a foot-pad for a foot-pad pump. 

Figures 1 1 A and 1 1 B show the operation of a foot-pad pump 

on a reaction chamber. 

Figure 12 shows a schematic of accessory support devices 

5 for rapidly heating or cooling a reaction chamber. 

Figure 13 shows another mechanism for rapidly heating or 

cooling a reaction chamber. Ko»»ir,o 
Figure 14 shows yet another mechanism for rapidly heating 

or cooling a reaction chamber. 

Figures 15A and 15B show two side views of a detection 

Figure 1 6 shows an example of a magnet useful for locking 
paramagnetic beads at a certain location in a cassette. 

Figures 17 A and B show a device for mounting a septum to 

15 the cassette. 

The .cowing .er,.s used In .his disclosure shal, have .he 
meanings set forth below: 
20 • annealing temperature «**<.o mc« an 

PCR protocols and o.her nucleic acid amplifica,ion protocols of.en use an 
-anneig .empera.ure" less .han .he replication .emperature to accelera e 

ra e a' which the printers bind .o .i.e., hybridize with, ,he san,p,e nude c 
acd. this annealing .en,pe,a.ure is .vpicallv be.ween about 45"C an about 
2S 72'C, often about 55"C. Generally, the annealing temperature w,ll be about 
5»C below the lowest T„ for the in.erac.ion be.ween (a, one of .he pr.mers 
used in reacon and Ibl the targe, nucleic acid segmem. 

• T.Z^:T:::: . . so... suppo,. and ha.,ng a film formed o, a flexible 
a cnamoer lor chamber and has an 

30 materia, the, rortre fL which is sealed over the 

out et channel that is DiocKea uy a m ,„„«w«»h Kw 

. hor.in the seal over the outlet is broken or removed by 
outlet channel, wherein tne seai uvci 

n H rontents of the chamber at a pressure that does not 
nressurizinq the fluid conienis ui vnc ^ x^^^ 
the La, at the edges o, the chamber: P-e-abW. - on one face 

w ^ or^H thP outlet is oriented toward the otner. 
3?. of the cassette body ar^d the oui»ei ii» 
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• cassette 

a disposable device for conducting reactions therein, having a cassette body, 
one or more upper membranes or one or more lower membranes which 
individually or in combination define one or more supply chambers, one or 
5 more reaction chambers and fluid exchange channels connecting the supply 
chambers to reaction chambers. 

• cassette body 

a solid portion having sufficient depth and sturdiness to allow cavities 
formed therein to provide the depth for fluid chambers and fluid exchange 
10 channels. 

• collapsible upon evacuation 

some of the chambers described below will preferably be filled by first 
applying a vacuum to evacuate the chamber contents and then filling the 
evacuated chamber with fluid - preferably, these chambers are 
1 5 "collapsible" in that they have at least one flexible film that collapses to 
minimize chamber volume. 

• connection (between fluid chambers, inlets or detection channels) 

two fluid chambers, inlets or detection channels are "connected" or have a 
"route of connection" therebetween if there is one or more fluid exchange 
20 channels joining the two such that fluid can move from one to the other. 

• concentric Bursapak supply chamber 

an internal outlet Bursapak supply chamber wherein the outlet channel is 
located substantially in the center of the supply chamber; "substantially in 
the center" means that the distance between the center of the supply 
25 chamber and the geometric center of the supply chamber is no more than 
about 20% of the length of the supply chamber cross-section defined by the 
line joining the center of the outlet and the geometric center of the supply 
center. 

• DNA strand separation temperature 

30 the temperature used in a nucleic acid amplification protocol to separate the 
complementary strands of nucleic acid that may be present in a sample; this 
temperature is typically between about 92°C and about 97°C, preferably 
about SA-C. 

• elevated pressure 

a pressure more than ambient atmospheric pressure. 
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. finable from a vacuum-collapsed Stat, to a defined volume 

Z a,e cHa.,be,s that un.Cd .rem the collapsed sta.e ,o a . rst ume: 
p erablv, the inserted .lu.d volume is v.ithin about 10% o. ,he ,rs 
vL me, more preferably within about 3% o, the first volume. The ,rst 
5 volume is the maximum volume of fluid that can be ,nser,ed ,nto the 
chamber v-lthout affecting the integrity of the chamber. 

• r,::"! chamber- encompasses reaction, supply, waste metering 
Ir^ sample storage chambers, and other fluid contain.ng chambers. In 

,0 hi emliment contents of the chambers can be pumped out 

using a foot-pad having a shape that conforms to a covermg film that .s 
Te'ed to match the shape o, the bottom o, the chamber the chamber can 
be Closed by maintaining the foot-pad pressed aga,nst the inverted covenng 
film. 

" * I'ttr: Chamber ,s .,uid-t,gh. i, it retains an agueous fluid ,n the space at 
a temperature of 99=C for one hour; a seal between tv.o matenals ,s flu-d- 
tigh, the seal ,s substantially no more permeable to water than the most 
water-pfermeable such material. 

" • having a shape designed to conform to the inverted shape <. the 

covering film o. a supply chamber: when the plunger P- « — ^^^^^ 
„exible film i, pressurizes the fluid in the supply chamber and, if an 
available, pushes the fluid out of the supply chamber. 

2S • foot-pad pump 

a mechanicai, electromechanical or pneumatic device that uses a one^or 

ir.r.t.nads to oress on one or more riuia 

:h:::rsra:Tup;7c:^^^^^^^^ — - — 

conrenu and push thrcontents out through an unobstructed connected 

30 fluid exchange channel. 

* pa'rtTo'r elements of a valve are integral to a body layer or ,o a cassette if 
Ccanno, be facilely and reversibly detached Irom tha, body layer or 
cassette. 

3r^ . internal outlet Bursapak supply chamber 
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a Bursapak supply chamber wherein the outlet channel .s located away from 
the edges of the supply chamber such that fluid-containing space is 
interposed between the sealed outlet channel and the edges chamber. 

• negative control 

5 a material designed to be comparable to a sample to be assayed but lacking 
the substance to be assayed for, such that a positive result upon assaying a 
negative control would indicate a problem with the assay protocol or assay 
reagents. 

• nucleic acid melting temperature or 

10 the transition temperature for two-stranded duplex of nucleic acid at which 
the equilibria shifts from favoring the base-paired duplex to favoring the 
separation of the two strands. 

• positive control 

a material designed to generate, in the absence of a problem with the assay 
15 chemistry such as the presence of an interfering substance, a positive assay 
result. 

• reaction flow-away 

a series of two or more serially connected fluid chambers through which 

fluids can move. 
20 • reduced pressure 

a pressure less than ambient atmospheric pressure. 

• replication temperature 

the temperature used in a nucleic acid amplification protocol to allow the 
nucleic acid reproductive enzyme to reproduce the complementary strand of 
25 a nucleic acid to which a primer is bound (i.e.. hybridized); this temperature 
is typically between about 69»C and about 78°C. preferably about 72°C. 
when using a heat stable polymerase such as Tag polymerase. 

• serially connected 

two or more fluid chambers are serially connected if there are fluid 
30 exchange channels by which fluid from a first of the serially connected 
chambers can pass to a second of the serially connected chambers, and 
from there to a third of the serially connected chambers, and so on until the 
fluid passes to the last of the serially connected chambers. 
. substantially uniform temperature in the r action chamberwhere the 
temperature in a reaction chamber varies by no more than about ± 0.3°C. 
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• target nucleic acid segment 

a segment of nucleic acid that is sought to be identified or measured in a 
sample, such as a sequence intended, if present, to be amplified m a nucle.c 
acid amplification reaction such as a PCR reaction, strand displacement 
5 assay or ligase chain reaction; the target segment is typically part of a much 
larger nucleic acid molecule found in the sample. 

• thermoelectric heat pump 

a device for heating and cooling fluid chambers that is made up of one or 
more thermoelectric blocks. 

10 

ncTAH Pr> ngSCRIPTION 

The cassette of the present invention includes at least one 
reaction chamber and at least one supply chamber in combination with 
interconnecting fluid exchange channels. The cassette comprises a body .nto 
15 which the aforementioned chambers and channels are formed such that when 
covered by a film and sealed, as described below, the formed body with f.lm 
can hold fluids. The shape of the body can be any shape, although preferably 
it is a flat square, rectangular or circular structure of length and width or 
diameter substantially greater than its depth, such as, for example, 3 cm x 3 
20 cm X 3 mm. inter alia, and the length and width or diameter can be further 
described with respect to a top or bottom surface, and the depth can be 
further described with respect to an edge. The chambers and channels pr.or 
to covering by the film can be open to any surface of the body, preferably .s 
open to the top or bottom, more preferably is open to the top and bottom. 
25 although each chamber or channel preferably is open to one side only. 

The present invention is described herein with respect to 
particular embodiments; however, these embodiments should not be 
construed as in any way limiting the scope of the present invention, wh.ch 
includes all modifications encompassed within the spirit and scope of the 
30 invention as described hereinbelow. 

Pnnmolar y Cassette 

Figures 1A 1 B and 1 C show a top view, cross-sectional view 
and bottom view of a portion of one embodiment of a cassette 100 according 
.5 to the .nvention. The cassette 100 has a body 105 in wh.ch are defined mlet 
130. first flu.d exchange channel 141. supply chamber 150. second flu.d 
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exchange channel 142. reaction chamber 160, third flu.d exchange channel 
143 and waste chamber 170. The body 105 has first upper film 1 10A, 
second upper film HOB, third upper film 1 1OC and lower film 120. In F.gure 
1 A first seal portion 1 1 1 A (shaded area), second seal portion 1 1 1 B (shaded 
5 area) and third seal portion 1 1 1 C (shaded area) show where first upper film 
1 10A second upper film 1 1 0B and third upper film HOC, respectively, are 
sealed against body 105. In Figure IC, shading 121 shows where lower film 

I 20 is sealed against body 1 05. Inlet 1 30 has a septum 131. First, second 
and third upper films 1 1 0A-C are collectively referred to as "upper films 110." 

10 Septum 1 31 can be, for instance a bilayer material formed of an outer layer 
of silicon or neoprene rubber and an inner layer of chemically inert material 
such as tetrafluoroethylene homopolymer (e.g.. Teflon, E.I. duPont de 
Nemours and Co., Wilmington, DE) facing the body 105. Second upper f.lm 

II OB and lower film 120 are embossed or shaped at positions 161 and 162 

1 s to help form reaction chamber 1 60, as will be described in greater detail below 
with reference to Figures 1 1 A and 1 1B. First upper film 1 1 OA is embossed or 
shaped at the location of supply chamber 1 50 so that first upper f.lm 
protrudes above the upper surface of body 105, creating a greater volume for 
supply chamber 150 and facilitating the mechanism by which supply chamber 

20 150 is emptied, as described further m the text below with reference to 
Figures 2 A and 2B. Third upper film 1 1 OA is embossed or shaped at the 
location of waste chamber 170, which embossing facilitates the mechanism 
by which the waste chamber is filled. A valve 180 is formed in third fluid 
exchange channel 143. The outlet 151 of supply chamber 150 is sealed by a 

25 portion of first upper film 1 10A. Supply chamber 150 is a Bursapak supply 
chamber, which type of supply chamber is a particularly useful type of supply 
chamber for use in the cassette of the invention. Because many of the 
cassettes described below make use of this preferred type of supply chamber. 
Bursapak supply chambers are described in more detail in the following 

30 section. 

Riirxa pak Suopl y Chambers 

Figure 2A shows a side view of a Bursapak supply chamber 
150 having supply cavity 155, which can comain a flu.d. The Bursapak 
35 supply chamber 150 has an inlet f-rst fluid exchange channel 141. which is 
preferably sealed, for instance by heat sealing at sealing location 141 A, after 
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,h. Bursaoak supply chamber 1 50 has been filled with fluid, and an outlet 
econd":: eirange channel ,42 which is in.t.aHv sealed w,.h a fourth sea, 
, „ 1 1 1 D of first upper film 1 10A. Figure 2B shows the use of d.e , 300 
a, aMirs f lu^ exchange channel 141 , a, sealing location ,4, A. Figure 

Bu, pa upply Chamber 700 is effective to pull the seal port.on 1 1 1 away 
'omThe ouue, second fluid exchange channel 142. Figure 2D Mustrates a 
r-pad 210 that can be used to apply pressure to the flu.d ,n Bursapak 
supply Chamber ,50 and pump it through outlet second flurd exchange 
,0 channel ,42. Foot-pads can be fabr.ca.ed of any suitably sturdy mater.al 
indudl w„hout ,im,ta„on. alum.num, plastics, rubber, alum.na, copper, 
sin e d bery,„a, and the like. Upper films „0 and lower films ,20 are 
prerably constructed of a flexible film such as a polyethylene, P°'V-Vl.-ene 
«uo ide or polyethylene/polyethylene terephthala.e bi-layer f,lm^ Su.table f,lms 
, 3 re V ilable fL Kapak Corporation, Minneapolis, MN or E... ^ 

MTr. Wilminaton DE. Polvethylene/polyethylene-terephthalate 
::iZrm^"h arrr;- or 3. .0. 4B .3M corp., MN, or Oupont M30 

(DuPont de Nemours. Wilmington. DE. are ''^'"''•^Z 2t shows 

polyethylene layer is preferably positioned aga,nst body ,05. F.gure 2E show 

20 'he foot-pad used to pump fluid ou, of Bursapak supply 

The firs, upper film,, OA is embossed or shaped, fo 

instance by applying suitably shaped, heated d,es ,o the firs, upper f,lm , OA, 
so thaUt cen protrude away from the body ,05 when the supply chamber 
5ris f led and will rest, without substantial stretching, against the bottom 
,5 flpply Chamber ,50 when the supply chamber ,50 is evacuated. 

It is believed that the application of force through a foot-pad 
results m the applicanon of greater force per unit 'en9.h at .he "■-ges oMhe 

. ^ 1 1 1 n than at the edges of first seal portion m A. resuiiing 
fourth sea portion 1 i i tJ tnan ai me cuy t^^^i^^ 
Tourin :,t5ai w „«,tmn 11 ID Whatever the mechanism, 

in selective peeling of fourth seal portion 1 nu. vvnai , a 

,n selective p y chambers operate as illustrated in Figures 2A- 

"^O however m operation BursapaK cnam^^ ^«^^^rw 
2C TO assur proper functioning, in some embodiments it may be necessary 
L seal fourth portion 1110 relatively more weaMy. for instance using a 
weaker adhesive or a lower temperature sealing die. 

^,...r,.i. Dimensionr for C.^ette Components 

Body 1 05 is preferably formed of a molded plastic, such as 
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high density poiyethylene, but other mater.als that are suitably res.star^t to the 
chemistries sought to be conducted on the parallel reaction device, such as 
glass and silicon-based matenals. can be used. Where body 105 is plastic, it 
is preferably formed by a molding process that is used to form cav.t.es and 
5 channels that will be sealed with upper and lower films 1 10 and 120 to form 
fluid chambers and fluid exchange channels. Such cavities and channels are 
formed in glass and silicon materials by chemical etching or laser ablation. 
Upper and lower films 1 10 and 120 typically have a thickness of from about 
0 3 mils to about 5 mils, preferably from about 1 mil to about 3 mils. For fluid 
10 chambers having a diameter of about 1 cm or more, the film thickness is more 
preferably about 2 mils. Reaction chamber 1 30A typically has a thickness, 
between upper and lower films 1 1 0 and 1 20, of from about 0. 1 mm to about 
3 mm preferably of from about 0.5 to about 1 .0 mm and an area, defined by 
the inner surface of upper or lower films 1 10 or 120. of preferably from about 
15 0.05 cm^ to about 2 cm^ more preferably from about 0.1 cm^ to about 1 
cm^ yet more preferably about 0.5 cm^ The dimensions of reaction chamber 
are preferably sized small enough to permit rapid thermal cycling (on the order 

of about 10 seconds). 

Fluid exchange channels typically have a diameter between 

20 about 200 and about 500 ^m. Supply chambers 1 50 typically have a volume 
between about 5 and about 500 ^1, preferably from about 10 to about 200 ^1. 
more preferably from about 30 to about 160 mI. Metenng chambers preferably 
have a volume between about 5 and about 50 ^1. Preferably, the total volume 
of each reaction chamber 160 is between about 5 ^1 and about 200 ^1. more 

25 preferably, between about 10 ^1 and about 100 ^1. Preferably, each reaction 
chamber has a thickness (i.e.. distance between upper film 1 10 and lower film 

1 20) of about 1 mm or less. 

Upper and lower films 1 10 and 1 20 preferably are resistant 

to temperatures as high as about 1 20°C and are between about 1 and about 6 
30 mils in thickness, more preferably, between about 2 and about 4. The 
thinness of the membranes facilitates rapid heat exchange between the 
reaction chamber and an adjacent heating or cooling device. 
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yrfr, r.( Pmnllei B.^.^inn DeviCB 

Figure 3 illustrates schematically a parallel reaction device 
301 according to the invention having five reaction flowv^ays, each such 
nowwav, respectively, used for analyzing lAl a sample 300, <B) = Pos.tive 
5 control 3.0, (CI a negative control 320, (D) a positive control 330 combined 
with sample 300, and (E) a sample 300. Each ol these samples and controls 
is introduced into one of first through fifth lysing chambers 340A.E 
(collectively, lysing chambers 340). Lysing reagents and washing buffer can 
be distributed from first supply chamber 350 and second supply chamber 360, 
,0 respectively, to all five lysing chambers 340. Waste can be emptied from 
lysing chambers 340 into a single waste chamber 370. The rema.n.ng 
contents of each of lysing chambers 340 can then be transferred to one of 
first through fifth reaction chambers 380A-E, respectively (collect.vely, 
reaction chambers 380,. Amplification reagents are added to each o, reaction 
,5 Chambers 380 from a third supply chamber 390. Waste can be e-Pt-cl 'om 
reaction chambers 380 mto waste chamber 370. The remaimng contents of 
each of reaction chambers 380A-E can then be transferred ,nto one of frrst 
through fifth storage chambers 399A-E, respectively. Each valve which 
regulates the flow of fluids into and out of the various chambers .s separately 
20 diagrammed in Figure 3 as an encircled letter "v." 

I, should be noted that some of the arrows in Figure 3, which 
arrows represent fluid channels, apparently pass through a fluid chamber. 
These channels actually pass above or below the fluid chamber, as is 
described further ,n the te« below. As is described further below, lysing 
2, chambers 340 and reaction chambers 380 preferably have flexible upper f, m 
no and lower film 120 that can be manipulated with a foot-pad pump or a 
gas pressure flow control means. If both upper and lower walls of a «u,d 
!ha,^ber are formed with films 1 1 0 and 1 20, then channels passing through 
the region of the device occupied by the lysis chambers 340 or reaction 
,0 Chambers 380 mus, pass ad.acent to such chambers rather than above or 
below the chambers. 

n^t^ii^H Cassef*" - Structure 

Another cassette 200 is illustrated in Figure 4A. The 
iUostrated cassette 200 has planar dimens.ons of 3% inches by 5 5/16 .nches, 
lough other sizes are contemplated, including for instance in c.rcumstances 
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where the sizes of the fluid chambers and other components of the cassette 
differ from those illustrated. Because of the complexity of Figure 4A, Figures 
4B - 4E show the body 205 of the cassette together with illustrations of 
various subsets of the components of body 205. In these illustrations the 
5 solid lines connecting inlets, valves or fluid chambers represent fluid exchange 
channels. Those fluid exchange channels represented by dark lines are formed 
in the upper surface of body 205, while those represented by lighter lines are 
formed in the lower surface of body 205. At the top of Figure 4B are 
illustrated the symbols used to represent an inlet 230 or a supply chambers 
10 250 of various sizes (sizes recited for illustrative purposes only). 

In Figure 4B are illustrated: alpha first supply chamber 251 A, 
beta first supply chamber 251 B, and so on through delta first supply chamber 
251 D, which are connected to first inlet 231 by alpha second fluid exchange 
channel 242A; alpha second supply chamber 252A, beta second supply 
15 chamber 252B, and so on through theta second supply chamber 253H, which 
are connected to second inlet 232 by beta second fluid exchange channel 
242B; alpha third supply chamber 253A. beta third supply chamber 253B, 
and so on through theta third supply chamber 253H, of which alpha, gamma, 
epsiion and eta third supply chambers 253A. C. E and G are connected to 
20 third inlet 233 by gamma second fluid exchange channel 243B and beta, 
delta, zeta and theta third supply chambers 253B, 253D, 253F and 253H are 
connected to beta fourth inlet 234B, delta fourth inlet 234D, zeta fourth mlet 
234F and theta fourth inlet 234H, respectively; and alpha fourth supply 
chamber 254A, beta fourth supply chamber 2548, and so on through theta 
25 fourth supply chamber 254H, of which alpha, gamma, epsiion and eta fourth 
supply chambers 254A, 254C. 254E and 254G are connected to fifth inlet 
235 by delta second fluid exchange channel 242D and beta, delta, zeta and 
theta fourth supply chambers 254B. 254D. 254F and 254H are connected to 
sixth inlet 236 by epsiion second fluid exchange channel 242E. The 
30 connecting fluid exchange channels 215 between second fluid exchange 
channels 242 and supply chambers 250 are represented by solid circles. 

Alpha first reaction chamber 261 A can receive fluid from any 
of seven supply chambers 250, which supply chambers 250 are alpha first 
supply chamber 251 A, alpha second supply chamber 252A. beta second 
:V3 supply chamber 252B, alpha third supply chamber 253A. beta third supply 
chamber 253B, alpha fourth supply chamber 254A and beta fourth supply 
chamber 2548. Beta first reaction chamber 2618. gamma first reaction 
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chan.ber 26,C and del.a .Irs. reacon chamber 2610 each can -eive .U.d. 
in a manner parallel to the arrangement for alpha firs, reacon chamber 261 A, 
from seven supply chambers 250 as illustrated. Alpha firs, reaCon chamber 
261 A beta firs, reaction chamber 261B, gamma f.rs, reaction chamber 261C 
3 and delta first reaction chamber 2610 connec, to alpha second reaction 
Chamber 262A, beta second reaction chamber 262B, gamma second reaction 
chamber 262C and delta second reaction chamber 262D, respectively, v,a 
alpha first flu,d exchange channel 241 A, beta firs, fluid exchange channel 
241 B gamma firs, flurd exchange channel 241 C and del,a firs, fluid exchange 
,0 channel 2410, respectively. Alpha second reacon chamber 262A, beta 
second reaction chamber 262B, gamma second reacon chamber 262C and 
delta second reaction chamber 262D connec, to first waste chamber 271 
under ,he con,rol of alpha firs, valve 281 A, beta first valve 281B, gamma f.rst 
valve 281C and delta first valve 2810, respectively. 

In Figure 4C are illustrated alpha seventh inlet 237 A and beta 

" seventh inlet 237B, which are connected ,0 alpha fifth -Pf/'^'^'' '/Ji'l^ 
and beta fifth supply chamber 265B. respectively. Alpha fifth supply chamber 
255A and beta fifth supply chamber 255B are connected to alpha second 
reaction chamber 262A and beta second reaction chamber 262B^ 
,„ Exhaust port 276 allows the first reaction chambers 261 , 

' second reacion chambers 262, firs, waste chamber 271 , -""J^ J^'; 
chamber 272, metering chamber 290 and detecion channels 295 ,o be 
evacua,ed prior ,0 use. This evacuation is possible because al. °< 
reaction chambers 261. second reaction chambers 262, first waste chamber 
,5 271, second waste chamber 272, metering chamber 290 and deteCion 

Channels 295 communicate when the appropriate valves 280 are oP=n. Alpha 
sealing position 276A and beta sealing position 276B can be 7^ 
,he evacuation process ,s complete to ioc. the firs, reaction ^61, 
second reacion chambers 262, first waste chamber 271, «cond wa „ 
,0 Chamber 272. metering chamber 290 and detection channels 295 ,n the 
evacuated state prior to operating the cassette. 

,n Figure 40, sixth supply chamber 256 is filled using alpha 
eighth inie, 238A and ,s connected to metering chamber 290 
control o, alpha second valve 282A. Seventh supply chamber 257 is J.led 
using beta eighth inlet 238B and ,s connected to metering chamber 290 under 
h con rol o' beta second valve 282B. From metering --^^ "° ""'^ 
be directed ,0 either gamma second reaction chamber 262C or delta second 
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reaction chamber 262D under the control of gamma second valve 282C and 
delta second valve 282D, respectively. 

In Figure 4E, fluid from alpha second reaction chamber 2b^A 
can be directed to alpha detection channel 295A under the control of alpha 

5 third valve 283A. Corresponding connections from beta second reaction 
Chamber 262B through delta second reaction chamber 262D to beta detection 
Channel 295B through delta detection channel 295D. respectively^ are 
controlled by beta third valve 283B through delta third valve 283D 
respectively. Alpha eighth supply chamber 258A. beta eighth supply chamber 

10 2588. and so on. are respectively connected to alpha detection channel 295A, 
beta detection channel 295B. and so on. Alpha eighth supply chamber 258A. 
beta eighth supply chamber 258B, and so on are filled through ninth inlet 239. 

n^t^ii^H Cassf»*t** - Ooerational Features 
^ 5 This discussion of operational features of the cassette 

structure 200 shown in Figures 4A-4E assumes that the supply chambers of 
that structure are Bursapak supply chambers. The first supply chambers 251 
can be used to store fluid having suspended paramagnetic beads used .n 
preparing nucleic acid from biological samples, which paramagnetic beads are 

.0 described in greater detail below. A foot-pad pump operates propel m parallel 
the fluid and suspended beads from the first supply chambers 251 to the 
connected first reactions chambers 261 . To assure that the beads are 
suspended the foot-pad pump operating on the first supply chambers 251 and 
foot-pad pump operating on the first reaction chambers 261 can alternately be 

25 operated to move the fluid back and forth between the first supply chambers 
251 and first reaction chambers 261, thereby agitating the fluid and re- 

suspending the beads. 

The second supply chambers 252 can contain a buffer 
solution, such as a buffer solution used to wash the paramagnetic beads. The 
.0 associated foot-pad pump has four foot-pads designed to interact with either 
(1) alpha second supply chamber 252A. gamma second supply chamber 
252C. epsilon second supply chamber 252E and eta second supply chamber 
252G or (2) beta second supply chamber 252B. delta second supply chamber 
252D. zeta second supply chamber 252F and theta second supply chamber 

w r«r^ two sets of four pads designed to interact 
33 252H. Alternatively, the pump has two seis oi i^u h ^ 

with second supply chambers 252. 
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The third supply chambers 253 alternate in size between 
supply chambers 253 having volumes of 100 ^1 and supply chambers 253 
having volumes of 30 ^1. The 100 ^l supply chambers 253 can be used to 
store cell lysis solutions while the 30 ^1 supply chambers 253 can be used to 

5 store solutions of primers. 

Alpha, gamma, epsilon and eta fourth supply chambers 
254A 254C 254E and 254G can be used to store a solution containing the 
appropriate nucleotide triphosphates for a nucleic acid amplification assay. 
Beta delta, zeta and theta fourth supply chambers 254B, 254D. 254F and 

10 254H can be used to store solutions containing the polymerase enzyme for 

the nucleic acid amplification assay. 

A desirable feature for a cassette such as that illustrated in 
Figures 4A-4E is the ability to incorporate a positive control .n one or more, 
but not all, of the reaction flow-ways 265 (not identified in Figures, first 
15 reaction flow-way 265A includes alpha first and second reaction chambers 
261 A and 262A, second reaction flow-way 2658 includes beta first and 
second reaction chambers 2618 and 262B, and so on) . Thus, a material that 
should generate a positive assay result can be inserted into sample that 
otherwise may or may not produce a positive signal (i.e.. experimental 
.0 samples) or in samples that should not produce a positive signal (i.e.. negative 
controls). In this way. the source of any substances that interfere with the 
assay can be determined. Any failure of the reaction flow-ways containing a 
positive control to generate a positive signal or an appropriately strong positive 
signal would indicate that a standard solution used in the assay contains a 
.5 substance or has a property that interferes with the assay. Fluids expected to 
' generate negative signals can also be incorporated into the cassette. 

Controls e.g.. fluids that have a predetermined amount of a 
component to be tested for or that are known to lack the --P°;«";; 
inserted into alpha and beta second reaction chambers 262A and 262B from 
30 alpha and beta fifth supply chambers 255A and 255B. Note that this 
particular embodiment does not include a facile way to introduce both a 
positive control and a test sample into a reaction flow-way; however. 
r.od.f.cat.ons of the cassette 200 of Figures 2A-2E that would allow such a 
means of introduction are easily envisioned. 
33 Not all Bursapak supply chambers 250 must be utilized. A 

' Bursapak supply chamber is avoided simply by not pumping its contents into 
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the connected reaction chambers. 

It is desirable to contain all waste fluids m the cassette 200. 
Thus the illustrated cassette 200 has a first waste chamber 271 and a 
lecond waste chamber 272 (collectively waste chambers 270) of su^.c.ent 
. voLe to accommodate all the fluids introduced into the cassette. Waste 
Chambers 270 are prepared in an evacuated state such that the f.lms orm.ng 
He outer wall of the waste chambers 270 (see film 1 10C of F.gure 1) rest 
against the .nner surfaces of the waste chambers 270. As f.u.d - PumPed 
into the waste chambers 270. the film will flex outwardly to prov.de room for 
10 the inserted fluid. It is desirable to confine the fluids to the cassette for 
instance to isolate biohazards or. in the case of nucleic ac.d ampl.f.cat.on 
assays to minimize the opportunity for aerosols to spread nucleic ac.d through 
the lab creating the potential for cross-contamination of other assays. 

Supply chambers 250 are also evacuated in like manner pnor 
15 to filling. Most supply chambers 250 will, in a preferred embodiment, be pre- 
filled prior to shipment to the laboratory where the assay w.II be conducted. 
Of course, the test sample will be inserted at the lab site. Fluid insertion .s 
best described with reference to Figure IB. A needle can be inserted mto 
septum 1 31 and used to evacuate supply chamber 1 50, causmg f.lm 1 1 OA to 
20 collapse onto the floor of supply chamber 150. Then, fluid can be inserted 
through the septum into supply chamber 150. The first fluid exchange 
channel is then blocked, for instance by heat sealing or by cr.mpmg^ 

Focusing on delta reaction flow-way 265D, note that 
experimental sample from sixth supply chamber 256 is first relayed to delta 
2. second reaction chamber 262D while flow to delta first reaction chamber 
■ 261 D is blocked by operating a foot-pad pump minimize the volume of delta 
first reaction chamber 261 D. Typically, the first reaction conducted on the 
experimental sample will occur in delta first reaction chamber 261 D. To move 
the experimental sample from delta second reaction chamber 262D to delta 
30 f.rst reaction chamber 261 D. delta second valve 282D .s Cosed, t^^ejoot-pad 
pump acting on delta first reaction chamber 261 D ,s released, and the foot- 
pad pump acting on delta second react.on chamber 262D .s operated to pump 
the experimental sample into delta first reaction chamber 261D. 

Foot-pad pumps that operate to drain a supply chamber 1 50 
3, can remain engaged w,th the supply chamber 150 to prevent back-flow into 
the supply chamber 150. 
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Valves 

Figures 5A 5B, 6 and 7 illustrate yet another embodiment of 
the invention that utilizes plunger-type valves to control the flow of fluids in 
5 he cassette 100 or cassette 200. The operation of such a plunger-type valve 
n a casseue 100 or 200 is illustrated above v.ith reference to Figures 5A and 
5B P unger 810 has a plunger rod 81 1 and a piston 812. In the pos.t.on 
niustrated in Figure 5A, plunger rod 81 1 is withdrawn away from such ha 
th^fim 1 1OC which is embossed to protrude away from the seat 181 of 
.0 valve^ T^^^ does not interfere w.th fluid flow from alpha third f.u.d exchange 
channe. 143A. into valve 180, and out through beta third ^change 
channel 143B. In Figure 5B, plunger rod 81 1 presses f.lm 1 1OC aga.nst valve 
seat 181 blocking fluid flow. Figure 6 shows a three-dimens.onal v.ew of 
valve 180. including valve seat 181 and valve trough 182. 

The plunger 81 0 can be constructed of numerous durable 
materials including without lim.tation a plastic such as polycarbonate or metal 
" srnless steel or aluminum or the .i.e. The diameter of plunger rod 
81 1 is typically from about 20 to about 100 ^m. preferably about 60 .m. 
While piLn 812 typically has a diameter from about 100 to about 300 .m 
ZO preferably about 200 .m. Preferably, the ratio of the °* 
the piston 812 to that of the plunger rod 81 1 is at least about 10-fold, 
thereby providing a corresponding mechanical advantage 

A pneumatic mechanism for operating plunger 810 .s 
illustrated in Figure 7. Instrument 900 (not shown) has a pneumatic dev.ce 

. r:.e. o;.. po.on SCO. seco. ^ - 

casket 820 which can be formed of a suitable film such as poly t2-chlo o-1 .3 
bu a en^^^^^^^^^ Neoprene. DuPont de Neumours. W.lm.ngton. DE) or s.l.con 
.0 ruTbe F exib e gasket 820 can be held .n place by the c.amp.ng act.on of 
30 rubber. Ftex.D e g gQOB. which adherent force can be 

first and second portions 800A 8 ^^^^^ 830 is formed 

suDDlemented using heat sealing or adhesive, ^'neumauc y 
suppiemenxe a ^ ^^^^^^ 331 

in both first and second portions BUUA ana o . ^ 

v^c^rtPd throuqh cavity inlet 831 to pressurize the 
Fluid oreferably a gas, is inserted tnrougn u y ^ 
Fluid, preiera v y -.^f, ...gted above the gasket 820 and cause the 
3? part of pneumatic cavity 830 Iccatea aoo » oin to oress 

. _-,«r ein rausina olunqer 8 lU to press 
gasket 820 to press aga.nst plunger 810. causi g pu g 
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against valve seat 181. In the absence of such fluid pressure -n pneumat.c 
cavitv 830, pump induced pressure in third fluid exchange channel 143A .s 
sufficient to displace (a) third upper cover into displacement cav.ty 840 and 
(b) plunger 810 from the valve seat 181, thereby allowing flow. Pneumat.c 
5 device 800 can be formed of numerous durable materials including without 
' limitation a plastic such as polycarbonate or metal such as brass or aluminum 
or the like. 

As an alternate to the above method of plunger actuation, 
other methods may be used which do not employ the piston. These include 
10 motor driven cam or screw, and external hydraulic or pneumatic cylinders. 

in another valve embodiment of the invention shown in Figure 
8A with reference to another cassette 600 (not shown). Valve ball 620 is 
used to press lower film 1 20 flush against the lower surface of first body layer 
601 so as to block fluid flow through hole 632. Valve ball 620 can be 
15 fabricated of any suitably material such as nylon, high density polyethylene, 
polycarbonate and the like. Lower film 120 is sealed to portions 601 A and 
601C of first body layer 601 , but typically is not sealed to portion 601 B. The 
sealing between lower film 120 and portions 601 A and 60 1C can be done 
using, for instance, adhesives or by clamping the membrane between body 
90 layer 601 and second body layer 602. First body layer 601 , second body 
layer 602 and third body layer 603 can be joined together using, for instance, 
by bolts, rivets, adhesives or snap-fitting pieces. Pressure can be applied to 
valve ball 620 to press it against or release it from lower film 120 in a number 
of ways. Note that the valve is designed so that valve ball 620 will 
25 automatically center itself to properly seat itself against first layer 601 . Figure 
8A shows a spring loaded lever 640 that allows a push motion to open the 
valve, where force is applied as indicated by arrow "B". A push rod 643 (not 
illustrated) can be used to so engage spring loaded lever 640. Figure 8B 
illustrates another embodiment that uses pull rod 641 to open the valve. The 
30 function of both spring loaded level 640 and pull rod 641 depend on the 
spring 642 formed from third body layer 603. Both types of rods can be 
activated by a cam 650 that is dnven by a shaft 652 (not illustrated). In 
operation, liquid flow is, for instance, in the direction indicated by arrow "A" 
and proceeds by first conduit 631 and second conduit 632. When valve ball 
620 ,s seated agamst f.rst body layer 601 . the valve is closed and flow .s 
stopped AS the valve ball 620 is withdrawn, lower film 1 20 deforms .n 
response to flu.d pressure, into cavity 633 to form third conduit 633A (not 
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shown) linking second conduit 632 with fourth conduit 634. Fourth conduit 
634 connects with fifth conduit 635. Figure 8C illustrates the use of a cam 
650 to activate a pull rod 641 that is spring loaded with pull rod spring 651 . 
All of the various pull rods 641 and pull rod spnngs 651 can be contained .n a 
5 single base plate 604, such as that shown in Figure 8C, which can be 
attached to the instrument 900. The valve of Figure 8C also differs .n 
employing a pinch foot 621 instead of a valve ball 620 and in seating the 
pinch foot 621 against portion 601 B instead of aga.nst the opening of second 
conduit 632. In the illustrated embodiments of Figures 8A-8C. the valves are 
10 normally in the closed position. The positioning of the valves can be 

programmed and activated by controller 960 (not shown). To further ensure 
that fluid flow is blocked prior to attaching the cassette 600 to the base plate, 
temporary membranes or seals can be employed to maintain the various flu.ds 
in their chambers. These membranes could be broken by applying a l.ght 
1. pressure. Alternatively, the fluids could be frozen prior during storage to 
attaching the parallel reaction device to the base plate. 

Alternatively, second and third body layer 602 and 603, 
respectively, can be designed to be separable from first body layer 601 . wh.ch 
contains fluid exchange channels and fluid chambers. In this embodiment. 
20 prior to joining these separable parts, the valve locations are not strongly 
closed to fluid flow, although the lower film 120 can rest securely enough 
against portion 6018 to prevem inadvertent fluid flow. Where the valve 
includes a valve ball 620, a ball retention film 615 is usefully sealed to t, 
upper side of second body layer 602 to assure that the value ball 620 does 
.5 not fall out of the device. The advantage of separating these pieces .s that 
*■ the portions of the parallel reaction device containing mechanical elements can 
be re-used while the fluid-handling portion can be disposed of. 

Figure 98 shows a closed electromagnetic valve 380 for use 
in controlling the flow of fluids in a cassette 300. Located - P-;^- °^ 
30 instrument 900. the electromagnetic valve 380 has a spacer ^30 hat .s 
pressed against a flexible upper film 1 10 by first spacer spr.ng 731 and 
second spacer spring 732. The first and second spacer springs 731 and 732 
or the spacer 730 are sufficiently magnetic or magnetically permeable that 
they can be drawn away from upper film 1 10 by activating electromagnetic 
coils 740 m Figure 9A. The electromagnetic valve 380 is shown in the open 
position with spacer 730 electromagnet.cally drawn away from valve seat 
381. 
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^nrHiar y Blocks 

Figure 10 illustrates a part of instrument 900. reaction cell 
servicir^g device 400, having upper auxiliary block 400A for moving fluids into 

n or out of a reaction chamber 160. Preferably, there will be a corresponding, 

^ upwardly oriented lower auxiliary block 400B located underneath reaction 
chamber 160. Upper auxiliary block 400A is honeycombed w.th upper 
conduit 430A. Upper conduit 430A has an upper inlet 431 A and an upper 
outlet 432A. First upper portion 401 A of upper auxiliary block 400A .s 

,0 fabncated of any suitably sturdy material, but Is preferably constructed of the 
same material as third upper portion 403A. Second upper portion 402A .s 
preferably fabricated of a heat-insulating material, such as, without hm.tat.on, 
nylon polycarbonate and the like. Third and fourth upper portions 403A and 
404A are preferably fabricated of a heat-conductive material, such as, without 

15 limitation, aluminum, copper, sintered beryllia, and the like. Upper portions 
401 A-404A can be joined using, for instance, bolts, rivets, adhesives or snap- 
fitting pieces. Upper electrical heaters 440A are positioned adjacent to the 

reaction chamber 1 60. 

The upper and lower heaters 440A and 440B are generally 

-^O thin layers of conductive material that is separated from the heat-conductive 
upper and lower sections 402A and 402B of upper and lower auxiliary blocks 
400A and 4008 by a thin electrical insulation layer. Such an insulation layer 
is formed, for example, by direct deposition onto the substrate. For example, 
silicon nitride can be deposited from the gas phase or aluminum oxide can be 

25 deposited using a liquid carrier. The conducting layer forming upper and lower 
heaters 440A and 440B are. for example, deposited by vacuum evaporation 
(e g for a nichrome conducting layer) or by deposition from the vapor (e.g., 
for an indium tin oxide conducting layer). Alternately, pre-formed heater 
Sheets are cemented to the substrate, for instance using an epoxy cement or 

•^0 the adhesive recommended by the vendors. Appropriate heaters can be 
obtained from Elmwood Sensors Inc. (Pawtucket. Rl) or from Omega 
Engineering Inc. (Stamford, CT). Typically, individual heater elements have 
planar dimensions appropnate. alone or in combination with electrically 
coupled heater elements, to match the size of the reaction chamber to be 
3r> heated. 

Fourth upper portion 404A constitutes an upper foot-pad 
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404A- for a foot pad pump that operates to pump fluid out of a reaction 
cliamber 160. In this conta«. where a foot-pad is associated w,th a heatmg 
and cooling device, it is preferably fabricated of a material with high thermal 
conductivity such as aluminum, copper, sintered beryllia, and the „ke^ The 
5 operation of the foot-pad pump 460. which includes lower foot-pad 404B , is 
illustrated in Figures 11 A and 1 1B. When the upper and lower foot-pads 
404A' and 404B' are withdrawn away from reaction chamber 160. the 
reaction chamber 160 can be filled with fluid (see Figure llAI. When the 
upper and lower foot-pads 404A- and 404B- are brought towards each other 
,0 <see Figure 1 IBl, fluid in reaction chamber 150 is pushed 

second fluid exchange channel 142 or third fluid exchange channel 143 The 
embossing a. location 161 (for the upper film 1 lOBl or at location 162 (for 
,ower film 1 20). allows the two films to be pushed together without 
substantial stretching. The embossing of upper film HOB and lower film 120 
1 5 is done, for instance, by applying suitably shaped, heated dies. 

Preferably, instrument 900 has a device for pumping and 
controlling reaction cell temperature, such as reaction cell serv^ing device 
400 for each reaction chamber 160 in the cassette 100 or 200. 

Figure 1 2 shows a schematic of the accessory support 
20 devices for the upper auxiliary block 400A of Figure 1 1 Water is propelled 
through upper and lower conduits 430A and 430B, '-P""-'; ''7^27 
and water cooler console 960. Pump and water cooler 

Lludes fluid valves operating under the control of controller 960. Electrical 
current is supplied to upper and lower heaters 
25 by power supply 970, which ,s controlled by controller 960. ControUer 960 
receives inpu, from upper and lower thermal sensors 450A and 450B, 
respectively. ^^^^^^ ^ ^ ^^^^ .^^^^^ ^ 

paired firs, and second upper thermoelectric blocks 51 1 A and 512A. 
30 respectively, while lower auxiliary block 500B has a set of paired f,rs, and 
second lower thermoelectric blocks 511B and 512B. respectively. First upper 
and first lower thermoelectric blocks 51 1A and 511B. respective^, are made 
of p-type semiconductor material, while second upper and second lower 
thermoelectric blocks 512A and 512B, respectively, are "^^^ 
:,5 semiconductor material. The thermoelectric blocks 51 1 and 

electrically connected in series by upper and lower connectors 5 3A and 513B 
a lustr, ed to form thermoelectric heat pumps Such thermoelectric heat 
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pumps are available for instance from Teiiurex Corp., Traverse Cty, Mi and 
iVJarlow Industries. Dallas, TX. Upper and lower gas inlet/outlets 51 OA and 
510B are connected to upper and lower nnanifoids 520A and 520B, 
respectively, formed by the space between the upper and lower thermoelectric 
5 blocks 501 A and 501 B. Upper and lower manifolds 520A and 520B (which 
are made up of the space between thermoelectric blocks) are connected, 
respectively, to an upper plurality of passageways 521 A or a lower plurality of 
passageways 521 B. The outer portions of upper and lower auxiliary blocks 
500A and 500B are upper and lower heat sinks 504A and 5048. respectively, 
10 which are preferably constructed of a heat-conductive material such as. 
without limitation, aluminum, copper, sintered beryllia, and the like. F.rst 
upper air-tight collar 506A. second upper air-tight collar 507A, first lower 
air-tight collar 506B and second lower air-tight collar 507B help form upper 
and lower manifolds 520A and 520B. Upper and lower thermal sensors 570A 
15 and 570B are connectable to a controller or a monitoring device by upper and 
lower leads 571 A and 571 B, respectively. 

It will be recognized that upper end-plate 502A viewed from 
underneath or lower end-plate 502B viewed from above would have a series 
of holes which are the outlets of upper and lower passageways 521 A and 
.0 521 B Another attribute of the auxiliary blocks 500A and 500B is that the 
thermoelectric blocks typically are arrayed .n three dimensions rather than 

two. , 

Heating is achieved by applying voltage of the proper polarity 

to upper first and second leads 508A and 509A and to lower first and second 

25 leads 50BB and 509B. Cooling is achieved by reversing the polanty of the 

voltage. An important variable in the operation of these heating and coolmg 

devices is temperature uniformity. To increase temperature uniformity, upper 

and lower first end-plates 502A and 502B are preferably constructed of a 

material of high thermal conductivity, such as sintered beryllia. Other suitable 

30 materials include, without limitation, ceramics containing metallic aluminum. 
Preferably, the thermoconductivity of end-plates 502A and 502B is at least 
about 0.2 watt cm ' K-\ more preferably at least about 2 watt cm ' k V The 
upper and lower temperature sensors 570A and 570B can be. without 
limitation, thermocouples or resistive sensors. The upper and lower sensors 

35 570A and 570B can, for example, be deposited on upper and lower first 
end-plates 502A and 502B as thin films or they can be in the form of thin 
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wires errbedde. into holes in upper ar.d (owe, f.rs, end-pla.es 502A and 

upper and lower auxiliary blocks 500A and 500B provide an 
alternate method of applying pressure to second upper .,1m 11 OB and lower 
. TTjO 7o push fluid ou, of reaction chamber 1 60. When gas pressure ,s 
5 film 120 to push fluid o corresponding lower gas 

r^lOB Z sC war auxiliary bloc. 500B, the gas exiting 

a d lorrssuld luid Channels 52,A and 521B .not shown, forces 
::::: :::: 1 1 0 and 1 20 together, thereby .orcng fluid from 
.0 reaction chamberj^ea ^^^^^ ^^^^^^^^ ^^^^ ^^^^ , 

plurality of upper or lower P-^-^^ -';,::;::r„r::wlll"means. 

,5 Gas of higher than ^-SP;; ^ "^^^ZZ^. for instance, a pressurised gas 
pressurised fluid ^•'-"f *f ^^"''j', g3s inlet/outlet 4, OA or 41 OB. A 

canister or a pump applied to upper or lower y 

racuuht, usually a partia- — ^ - -^foTi^i:^^^^^ pu.p. 
pressurized fluid channels 421 A or 421 b us g, pressurized fluid 

a„ Numerous mechanisms for .... 

Channels will be -j;^;^;^ -- ^other upper auxiliary blocK 1 .OOA and 

,ower auxiliary - 

chaler 160. Thermoelectric blocks ,613 are us«. to ^e-' a^ 
described above. Upper and lov-er heat sink thermal ^^^^^ '^^^^ 

u^*.t eink 1 504A and ower heat smK i ouh^d, 

I i««ar and lower sensors i b /ua anu 
temperature range. Upper ana lowe _K«.r i 60 

^* rK.:. ariiacent reaction chamber 1 D'J- 
monitor the temperature of the adjacent reaction 
The speed with which the temperature of the reaction 
K K ifiO is increased or decreased .3 important for optimizing some 
Chamber 1 60 .s increased temperature cycling important 

nucleic acid amplification assays. During 
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for sorr^e nucle.c acid amplification assays, .t is important to operate at a 
relatively lower temperature where the nucle.c ac.d sample is enzymat.cally 
reproduced and at a higher temperature where the nucleic acid sample .s 
melted to separate the two strands of the nucleic acid. During the penod 
. when the assay apparatus cycles between the two preselected temperatures 
' believed to be appropriate for a given nucleic acid amplification, venous 
unwanted chemistries can be expected to occur. For instance, as the 
temperature increases from the lower temperature, the replication enzyme can 
be expected to continue to function, although not necessarily with the 
10 appropriate accuracy of replication achieved at the prescribed lower 

temperature. At the higher temperature set point, this unwanted enzym.c 
activity is inhibited by the high temperature. Thus, it is important to rap.dly 
change the reaction temperature between the two operating temperature 

plateaus. ... . 

J 5 One mechanism by which the temperature can rapidly be 

changed in the reaction chamber is illustrated in Figure 10. Assurr^e that the 

reaction chamber 1 60 is operating at lower plateau temperature G . Under 

these conditions, cooling water does not flow through upper conduit 430A or 

corresponding lower conduit 430B <not shown). The temperature is 

.0 maintained by intermittently operating upper and lower heaters 440A and 

440B when the temperature in reaction chamber 160 lowers beneath a 

temperature of G minus X (where X is a temperature differential). At a 

pre-programmed time, the temperature is raised to higher plateau temperature 

"H" by activating upper and lower heaters 440A and 440B until a temperature 

is reached that will lead to a temperature stabilization at temperature H. 

Water flow through upper and lower conduits 430A and 430B can be 

activated to minimize temperature overshoots if needed. Temperature H is 

maintained by intermittently operating upper and lower heaters 440A and 

4408 when the temperature of the reaction chamber 1 60 lowers beneath a 

30 temperature of H minus Y (where Y is a temperature differential). To cycle 

back to temperature G. the controller activates the pump 451 (not illustrated) 

of console 450 to cause cooling water to flow through upper and lower 

conduits 430A and 430B. 

The performance of such a heater device and cooling device 

.5 can be simulated using a heat transfer simulation computer program using a 
finite element approximation of the heat flow equation. The simulation is 
conducted with the following assumptions: the thickness of the reaction 
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u K 1 fiO is 0 5 mm the upper and lower films were 0.1 mm thick ar.d 

- heater and the aux.arv h.oc. was 0.025 mm thick. 
Su h a simulatior. has determ.ed that a ,ump from 25»C to 75»C car. be 
acht ed withir. 3.2 seconds, where, after 3.2 seconds, the --Perature .n the 
s earn chamber is substantiaUy uniform. The reciprocal cool.ng step can be 
ach el Within about 3 seconds, result.ng in a substant-a.ly un.form 
etp rature in the reaction chamber. Preferably, after th.s -o.-ng step the 
Nation in temperature in the reaction chamber is no 0.1 C. 

Using the heating and cooling devices of the present 
.0 invention, including the device described in the .mn^ediately P--d.ng 
paragraph, reaction chamber 160 temperatures between about -20 C and 

^hout 100^*0 can be maintained. 

in one preferred embodiment, when the parallel reacon 

device inoludes more than one reaction flow-way. each -^"^ 
device inu u rhamber 1 60 which will have at least 

,5 way will include a, leas, one reacon 50, ,3,,^ ,3 

20 each of two opposing sides. In anotner p co2A or 502B 

, .0 .0 w.ch .t ^^-::z:z.,. -o. . ..... ....^ 

. ,eo heated and ^"^^^ -:::z:::r: 

or upper and lower blocks 1500A and 15 

— - the - - ~ Chamber .0 ,s heated 

K,»„.d or cooled fluid, preferably a gas, either directly 
cooled chamber ,60 or through a heat 

30 over one or ™ 3,^3cent to one o, more surfaces 

exchange apparatus that can b p ^^^^^ ^ 

o, the reacon ,J ^J^^.^^ent by .a, removing .or not 

modified to '°17440A and 440B and (b. adding a heater for 

.s,ng, the upper =- 7",^ p,eferably has two flu.d 
rrgertste::. one for a hotter fluid and another fo, a cooler flu.d. 
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together with the vaiv.ng required to .nject the hotter or cooler fluid .nto the 
tubir^g leading to the react.or. charr^ber 160 as appropriate for rr^aintammg a 
given temperature in the reaction chamber. Particularly where the heat.ng and 
cooling fluid .s a gas. the temperature of the gas soon after it has passed by 
5 the reaction chamber 160 will provide a useful indication of the temperature of 

the reaction chamber 160. 

Where the auxiliary blocks act as foot-pads or for other foot- 
pads mechanical or electromechanical methods of drawing the foot-pads 
towards or away from the fluid chamber on which it acts are well known and 
10 include solenoids, pneumatically activated plungers, screw mechanisms and 

the like. .. 

Auxiliary blocks and other features useful in conjunction with 

this invention are described in U.S. Patent Application No. < 1 1 772A> , filed 

October 31 , 1996. titled "Assay System." Docket No. DSRC 1 1772A. which 

15 is incorporated herein in its entirety by reference. 

MisceHan *tnus Pumps 

Pumping action can also be achieved using, for instance, 
peristaltic pumps, mechanisms whereby a roller pushes down on the flexible 

".0 film of a fluid chamber to reduce the volume of the chamber, plungers that 
press on the flexible film of a fluid chamber to reduce its volume, and other 
pumping schemes known to the art. Such mechanisms include m.cro- 
electromechanical devices such as reported by Shoji et al.. "Fabrication of a 
Pump for Integrated Chemical Analyzing Systems." Electronics and 

25 Communications in Japan. Part 2. 70: 52-59, 1989 or Esashi et al.. "Normally 
closed microvalve and pump fabricated on a Silicon Wafer." Sensors and 
Actuators. 20: 163-169, 1989 or piezo-electric pumps such as described in 
Moroney et al., "Ultrasonically Induced Microtransport." Proc. MEMS. 91: 
277-282, 1991. 

30 

notttntinn Devices 

In a preferred embodiment, at least one reaction chamber 1 60 
has a transparent retaining wall that is generally formed of upper film 1 1 0 or 
lower film 120 (or two retaining walls are transparem). Reaction chamber 
ss 160 can be a chamber where a reaction occurs, such as one of lysmg reaction 
chamoers 340 or reaction chambers 380 (see Figure 3). it can be a supply 
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chamber containing samples, controls or reagents, soch as supply chambers 
350 360 and 390, or ,t can be a storage chamber, s.ch as one of storage 
chambers 399A-E. The parallel reaction device in th.s embodiment preferably 
includes a light source capable of directing light to the transparent upper or 
5 lower film 1 10 or 1 20 and a detection device for detecting (al the light 
reflected from an illuminated reaction chamber 160, (b. the light transmitted 
through an illuminated chamber 160, or Ic) the light emissions emanating from 
an excited molecule in a chamber 160. A membrane Is "transparent" if it ,s 
80% transparent at a wavelength useful for detecting biological molecules 
The detection device can incorporate optical fibers, optical 
lenses optical filters or other optical elements. Alternatively, where detection 
uses fluorescence, detection and quantitation can be done by photographing 
"he dltection channel 295 under appropriate excitation light. With fiber optics 
or other suitable optical devices, the size of the detection system that is 
,5 adjacent to the parallel reaction device is minimiz^l. This size minimizahon 
facilitates incorporating the detection system together with a temperature 
control device (described more fully belowl into the parallel reaction device^ A 
particularly preferred light source is a solid state laser. The size of these light 
sources also facilitates incorporating a number of auxiliary components about 
20 the parallel reaction device. When a nucleic acid amplification is conducted in 
an parallel reaction device that incorporates current technology solid state 
lasers, the method used to detect amplified nucleic acid uses a dye that 
absorbs light at a wavelength higher than about 600 nm to 
presence of amplified nucleic acid, as described below. Examples of such 
25 dyes include Cy5'", one of a series of proprietary cyanine class dyes. CyS ^ 
and the related dyes, are products of Biological Systems, Inc. (Pittsburgh PA,. 
This particular dye is relatively small.absorbs at about 650 nm and emits a 
fluorescent signal at about 667 nm. Other, large, suitable dyes include 
structures derived from seaweed such as allophycocyanin and 
.0 allophycocyanin.con,ugated reagents (Sigma Chemical Co., St. Louis, MOK 
These dyes absorb in the 630-750 nm range. The relatively long wavelengths 
of the excitation light described above avoid much of the background 
fluorescence associated with biological materials, plastics or other possible 

* w «cott«. lOO A preferred solid state laser source is a 
componer^ts of the cassette lOU. m preic ^ ,:„ht 

. M .nr (Rochester NY) Model LAS 200-635.5, wh.ch em.ts a l.ght 
35 Laser Max, Inc. (Hocnesier, in i / ^^♦K^r4e 

^ r^f A Other colorimetnc detection methods, 
with a wavelength at a max.nnum of 4 , Other coior» 



PCTa;S97/00298 

WO 97.'27324 

- 35 - 

,„r instance .hose miUzing b.ot.n-av.d.n b.nd.ng ,0 assoca.a -^-^ "^'^'^ 

oercxidase with a hybr.d.zed pa.r of pclynucleo.,de sequences, can be used, 
peroxidase ^^^^^^^ ^^^^ ^^^^^^^^^ ^ , 

cont-olle- 960. whe.e they can be used to determine the presence, or 
s absence, of material assayed for and the magn.tude of the signal indicatrng the 
p^sence of the ma.erral. From these data, the amount o. assay ma.ena. can 
be calculated and the guafity o. the assay as indicated by the controls can b. 
,uan.itated. Th.s ,n,ormat.on is then stored for the -"V 'eport JiSt-ng^ 
In a preferred embodiment, the cassette has one or more 
,0 detection channels 295. One such detection channel 296 i» 

Figures 1 5A and . SB. 1. is made up of a number o. fibers 297, which 
together preferably transmit a, least about 50% of light of a wavelength 
useful in the detection procedure, confined to the detection channel 295. The 
fibers 297 can be bound in place tor rnstance by cementing or cr.mp.ng. The 
..fibers 297 can be fabricated of glass or suitably transparent piastres. The 
' fibers 297 are preferably between about 5 pm and about 50 Mm in diameter, 
more preferably about 20 pm. The detection channel typically has a w.dth 
and depth of no more than about 3.000 pm. preferably between about 200 
pm and about 1.000 ^m. Microchannels between the fibers 297 allow ligiaid 
.0 to flow through the detection channel 295. A detection-mediatrng rnolecule ,s 
" bound to the fibers 297. Preferably the detection-mediatlng molecule ,s an 
oligonucleotide the, hybridizes with the nucleic acid to be amplified ,n a 
nucleic acid amplification reaction end the nucleic acd ampUf.cat.on reaction 
utilizes primers having a detectable mo.e.y- The detection-medietrng 
25 molecules are bound to the fibers 297 by Known methods. P«'";WV^ 

discrete bands on the fibers such as first band 296A. second band 296B and 
thrrd band 296C have separate detection-mediating molecules, which could 
be. for .nstance. des,gned to detect two separate species to be amplified .n a 
nucleic acid amplif.cat.on reaction and to provide a control for nor^-specfic 
,C hybrid.zat,ons To manufacture the banding pattern of bound molecules. 
" oligonudecde synthesis procedures that utilize pho.o-cleavable protecting 
groups and masKs to protect certain bands 296 from P''"-'";'^^! """^^^ 
used. Such synthesrs procedures are described in U.S. Patem "- 5.424. 1 86 
(Fodor et al.l. The instrument 900 is preferably designed to prov.de heat 
control at the detection channels 295 for conducting hybridization reactions. 
' In a preferred embodiment, the sides 298 of .he detection channel 295 are 



BNSOOClD «WO 



wo 97/27324 



PCTaTS97/00298 



coated with a reflective coa,,ng so that light .ncident Irorr. above w.ll reflect 
andtice pass through the detection channel 29S. Such a re.lect.ve coafng 
is provided by met.lizing, for instance using a sputtering or evaporafon 

process. ^^„„3,i^elv, the detection channels 295 contain membranes 

299 (not Shown), such as a nylon membrane, to which a hybridization probe 
has been bound. If two or more hybridization probes are used, they are each 
bound .o a specific region of the membranes 299 using "dot blot" procedures 
tuch a are described in Bugawan et al., "A Method for Typing Polymorphism 

,0 "the HLA.A Locus Using PCB Amplification and Immobilized Oligonucleotide 
Probes - Tissue Antigens 44: 137-147, 1994 and Kawasaki et al., -Genetic 
Analysis Using Polymerase Chain Reacion-Amplified DNA and Immobilized 
Oligonucleotide Probes: Reverse DofBlot Typing", Me,W. in En.ymo,ogy 
?1S- 369-381 1993. As described above, the amplification product 

,5 hybridled with the bound probe or probes has attached -via the amplification 
,i„ers - a detect^abie moiet. ^^^^^^ ^^^^^^ 

detection, such as detection channels 295. in a preferred er^bodiment of the 
invention the upper film 1 10 over the cavity is replaced with 
20 selected for its optical properties, such as, without limi ation, a cover 1 ,0 
m«.e of optical <,uar,z. Because pumping is effected elsewhere ,n he 
cassene the cover 1 10' does not have to be flexible like an upper film 1 1 0. 

While in a preferred embodiment detection is done in situ in 
the cassette in other embodiments the products of chemical reactions 
^.Icted ir,he cassette are removed and detection methods or chemistries are 
done elsewhere, including in a different cassette. 

Paramagnetic beads useful for facilitating chemical processes 
,0 conducted in a cassette 100 are available from several sources including Bang 
: atones ICarmel. ,N, for beads lacking con.ugated ^^^^^ 
.Lake Success NY> for beads conjugated to various antibodies Ifo, instance 
amid es ha, „nd to the CD2 cell-surface receptor, and CP<= 'Lincoln Park, 
NJ, fo, beads with a glass matrix and a variety of surface ''■'"^^<* 
PO applications where i, is anticipated that the beads will be -«^;<";- 
" ou, or,eact,on chambers, each bead will preferably have a diameter of less 
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abou, 1 mi,, more pre.ara.ly, less than abou. 0.5 m„, wh,=h d.ameter 
achates entry 3r,d ex,, through the channels by wh.ch mater.a, .s rnseaed or 
; aTeV. m the react,on chamber 160. Por appUcat.ons where .he beads 
are an cipated to rema.n in the react.on chamber ,60, in one embodiment of 
, he hln'on the diameter is preferably sufficiently large to preclude their 
en r nto these channels. The entrances to such channels vyithin a reacfon 
Chamber 1 60 are preferably positioned or designed so as to minimize the 
chance tha! a channel will be bloCed by a bead that settles over the channel s 

entryway. ^ ^^^^^^^ embodiment, the beads are locked in place 

using magnetic fields. To generate sufficient movement among the beads, ,. 
h s Len determined that the magnet used should P«'-'^ V^---; 
sufficient magnetic field gradient within a reaction chamber 60. Such 
: ets can be constructed by forming sharp edges on ^i^Hy magnet.c 
,5 permanent magnets, such as those formed of rare earths, such as the 
neodymium-lron-boron class of permanem magnets. Such a permanent 
magnet is available from, for example, Edmund Scientific ^^^'""J^^",' Z „e 
Sharp edges of dimensions suitable for a particular reaction 
for example, formed by abrasive grinding of the magnetic --ria^^ An 
20 example Of such a shaped magnet 11 00 is shown ,n Figure 16. where 
Lgnet has a roof shape at one of the poles. The illustration shows a 
Zr d embodiment where there are two roof shapes and <^;";; 
Lgne, can be brought ad,acen, to or can be removed from a cassett uch as 
cassette ,00 or cassette 200. In the illustration, lower auxiliary block 600B 
has stts mot Visible, that allow the magnet „00 to be P'aced ad-acen to 
cassette ,00 or 200. This magnet suitably has dimensions such that the 
"ngth Of .he peak of the roof-shape matches the cross-sectional size of a 

,.»r,lon chamber ,60. To maximize the field gradient acting on the 

reaction chamber lov. ^^^^^ adjacent to 

paramagnetic beads, the peak ,,0, of the magne, 

,0 me reaction chamber or other structure in which the beads are located. The 
" pa amag-ic beads are held ,n place by leav.ng the peak 1 ' 0^ ^dia""' 'o 'he 
beads. By moving the magne, with „s peak , ,0, ad.acent to '-'e '^"ds^the 
beads are impelled to move with the magnet. Another way in which h,gh 
magnetic field gradients can be ach.eved is to make -i'-- °* ^ 

nnagnetic ma.enal and use an adhes.ve to ,o,n the slices in a.te.na ,ng N to S 
onentauons. Such alternat.ng slice magnets have high magnetic held 
gradients at the junctions of the slices. 
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The sharp-edged magnets described above are effective m 
adhering the paramagnetic beads in one place and ,n moving ^-ds located^ 
for instance, in a fluid exchange channel or in a reaction chamber, from one 
location to another. Such magnets thus can help retain the paramagnetic 

5 beads in one place, for instance when a fluid in a reaction chamber 1 60 ,s 
being removed from that chamber but it is desirable to leave the beads in the 
Chamber. Magnets with locations having high magnetic field gradients that 
are particularly suitable for use in this context are described n U P~a, 
Patent Application No. 60/006.202, filed November 3. 1995. titled Magnet. 

10 Docket No. DSRC 11904?. which is incorporated herein in its entirety by 

reference. . . 

Various cell binding beads (e.g.. beads having bound 

antibodies specific for a certain subset of cells, can be used to adhere selected 

ce s fro., a population of cells. The beads can be locked in place, for .nstance 

,5 "agne icallv if'he beads are paramagnetic, while non-adheren, cells and fluids 

Te washed away. Thus, cell-bir,ding beads can be used ,o concentrate small 

sub-DODulations of cells. 

In synthetic chemistry applications, the beads suitably have 

attachment sites for coupling the building blocks of chemicals or polymers. 

20 

Manufacture 

A septum 131 can be fixed in place in inlet 130 using heated 
die 1200. as illustrated ,n Figures 17A and 17B The die 1200 is heated 
sufficiently so that the angled, sharp edges 1 201 cu, into body 106 and move 
25 melted material 132 such that it locks the septum 131 .n place. 

nontroller 

The controller 960 typically will be a microprocessor. 
However, it can also be a simpler device comprised of ^-^^^^'^^^^ 
30 solenoids and the like. The important feature of controller 460 is that . 

..cts the activation of the ^^^^^ T^::::^:^.^ 

heating and cooling device, according to a pre set or prog 

that results in the operation of an assay protocol, such as P'°<°-' 
outlined below. Preferably, the controller 460 receives input -;*"t.ng .he 
,5 temperature of the reaction chambers of the parallel reaction device and ,s 
capable of adius.ing its control signals in response to this input. 
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pr^.r.n.Hur^s U^i nn t he A^say System of the Invention 

Often an important variable in PCR reactions is the amount of 
ir^terfering cellular debns. including membrane fragments and cellular 
•5 chemicals such as enzymes, fats and non-target nucleic acid, present .n the 
sample to be assayed. Ideally, only highly purified nucleic acid is used as the 
sample subjected to a PCR amplification. However, such purification ,s not 
practical with the small amounts of tissue or fluid available for a diagnost.c 
assay Further, given the sensitivity of the assay to contaminat.on by 
10 environmental sources of nucleic acid, a nucleic acid purification step can 
increase the likelihood of getting a false positive result. In -o"^- ^'^^^ °^ . 
diagnostic or forensic PCR this concern about interference by cellular debns 
has been eased somewhat by improvements in the character.zat.on of PCR 
reaction conditions, such that often much cruder nucleic acid samples can be 
15 used without adverse effect. See Rolfs et al., PCR: Cr,nlcal Diagnostics snci 
Research. Springer Lab. 1992 (particularly Chapter 4 et seq.). See, also, the 
literature available with such commercial products as GeneRe.easer 
(BioVentures, Inc.. Murphreesboro. TN). Pal. Leukosorb^ -^^^ ^^^^ 
Hills NY) and Dynbeads^DNA Direct- (Dynal. Lake Success, NY). (On PCR 

.0 procedures, see generally, Ausubel et al.. Current Protocols in Molecular 
Biology. John Wiley & Sons. New York and PCR: A Practical Approach. IRL 
Press 1 991 .) Nonetheless, it is desirable to have the capability of at least 
removing the cellular debris associated with the cell membranes of the cells 
that may be present in the sample. Such a techn.que for use in conjunct.on 
25 with the parallel reaction device of the invention is described below. Such a 
cleanup step can be applied when needed to achieve the needed level of 
sensitivity or accuracy, or omitted if not needed. 

It is preferable to conduct parallel control PCR reactions when 
conducting PCR. One control omits sample from the reaction or uses a 
.0 sample previously characterized as negative. Another control introduces a 
known amount of a purified nucleic acid that is known to contain the 
sequence or sequences that the PCR reaction is designed to amplify. These 
types of controls can be accomplished on multiple parallel reaction devices or. 
r^ore preferably, in separate reaction flow-ways on the same parallel reaction 
33 device whereby each reagent is distributed from a single source to al. of the 
reaction flow-ways 
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Another control technique used ,h PCR is to design the PCR 
reaction so that it wi„ amplify multiple nucle.c acid segments, each o, wh.ch 
can be indicative of a disease or a genetic circumstance or nr-erker. The 
different segments can be amplified in multiple react.ons or ,n the same 
, ion Chamber. If amplified ,n the same chamber, that b.nding compet,t,on 
■ be" een the various primers can necessitate extending the t,me, ,n each 
amplification cycle, spem at the replication temperature. 

One method for removing cellular debns from a sample 

involves binding the cells in the sample to a ^-7=' ^-^X\^VdsTh« " 
,0 antibody specific for a cell surface molecule found on the cells. Bead tha. 
bind to the CD2 white blood cells or to £. co/r bactena (such as the 0157E 
strain, are available from Dynal (LaKe Success. NY,. An ever-growing fam ly 
o^^ce -surface molecules found on mammalian cells, bacterial cells, viruses 
and parasites has been characterized and antibodies against the ma,ori.y of 
„ these molecules have been developed. See, e..., A<,>,esion Molecule.. C.D. 
Weaner ed Academic Press, New York, 1994. Many of these an.ibod.es are 
use . ......... o.her types o, cell-affinity ' - 

„om Sigma Chemical Co., St. Louis. MO,. The cells can -''h-^^ 
antibodL on the beads and lysed to release their nucleic acid content. The 
.0 yl luid together with the released nucleic acid -n be moved to a separate 
compartment for further processing, leaving behind the beads and their 
adherent cellular debri. ^^^^ ^^^^ ^^^^^^^ 

♦Ko PPR rpaction Thus, in some protocols it is 
cells can also interfere with the PCR reaction. , • « ,4 1,0 

surfaces chemically treated to maximize the number of interaction sites are 
.,0 i ab e .1, ,0. example, BioRad .Hercules, CA,. Paramagnetic ea s with 
a number o. DMA binding surfaces, such as nitrocellulose °' -lo- ° 
surfaces can be useful in operating the invention. In some embodiments it 

des. le .0 the beads to be paramagnetic so that they can be ^-P"'-"' 

p„,„3„netic glass beads are manufactured by CPG 
using magnetic forces. ""'^^^^ ,,3ds, the lysis fluid 

3. aincoln Park, NJ,. '^' ""^'^'Ze^c acid can be amplified with the 

can be washed from the beads. The nucie 



ID -WO 9727a?4Ai,t 



W0 9-?/'27324 



PCT/US97/00298 



4 1 



beads present. 

The lysis fluid used to release nucleic ac.d from the cells in a 
sample typ.cally includes a detergent, preferably non.onic. and a buffer, 
usually the buffer used in the PCR amplification reaction. The pH of the lys.s 
. flu.d is preferably from about pH 7.8 (for protease K-containing lysis fluids for 
' example) to about pH 8.0 (for phenol-mediated lysis, for example), typ.cally 
about pH 8.0. Suitable detergents include, without limitation, Sarkosyl and 
Non.det P-40. Other components can includes salts, including MgCI^. 
chelators and proteases such as proteinase K. Proteinase K can be inactivated 
10 by heating, for instance, to about 100°C for about 10 minutes. Depending on 
the composifon of the lys.s buffer, it can be more or less important to wash 
the lysis buffer away from the nucleic acid prior to conducting the 

amplification assay. 

The amplification buffer used to support the amplification 

1. reaction w.ll typically include the four deoxynucleotide triphosphates (NTPs) 

,e g at a concentration of from about 0.2 mM each), a buffer (e.g.. Tns-HCI, 

about 10 mM). potassium chloride (e.g.. about 50 mM) and magnesium 

chlonde (e.g., about 1 to 10 mM, usually optimized for a given PCR assay 

scheme). The pH is preferably from about pH 8.0 to about ^^O- WPi- V 

20 about pH 8.3. Other components such as gelatin (e.g., about 0.01 % w/v) can 
be added. The individual primers are typically present in the reaction at a 
concentration of about 0.5 ^M. The amount of sample nucleic aod needed 
varies with the type of nucleic acid and the number of target nucleic acid 
segments in the nucleic acid sample. For genomic DNA, where each cell in 

25 the sample has about 2 copies of target nucleic acid, a concentration of about 

10 |4g/ml is desirable. 

For simplicity, the polymerase used in the procedure is a 
heat-resistant DNA polymerase such as Tag polymerase, recombmate Taq 
polymerase. 7^/ DNA polymerase (Promega Corp.. Madison. Wl). or 7/. DNA 
30 polymerase (Promega Corp.. Madison. Wl). Heat stability allows the PCR 
reaction to proceed from cycle to cycle without the need for addmg additional 
polymerase dur.ng the course of the reaction process to replace PO'V-erase 
that IS irreversibly denatured when the reaction vessel is brought to a DNA 
strand separation temperature Preferably, the DNA polymerase used has the 
increased accuracy associated with the presence of a proofreading. 3 to 
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exonoclease ac.,v„y, such as ,he proofreading ac.iv,.v o. the V, DNA 
polymarase. ^^^^^ one of the more convenienx samples for 

diaar«stic or gene.ie PCR testing. Fo, most genetic testing, from about 10 to 
, IuTbO m. o'bfood is sufficient to provide enough sempie DNA to aUow fo, 
■ PCR amplification of specific target segments. Fo, feta, cel, analys.s^ 
however as much as about 20 mis, v.hich may contain as few as about 400 
'^tal cet can be required. Such large sample volumes reguire concentration, 
Lst nce using the methods described above. For testing for microbial 
,0 di a r .he concentration of targe, nucleic acd ,n the sample can b, ,ui.e 
rJTe g no more than about 2-5 fg per bacteria, genome,. Thus, -yhen using 
parallel reaction device to test for such microbes, concentration methods 

„ay again be '^-^^^^^^^ ^^^,„^ , ,^ „,„ssa,v .o firs, synthesize 

„ cONA strands from the RNA in the sample using a 

as AMV reverse transcriptase available from Promega Corp.. Madison, Wl,. 
Melds for conducting a PCR reaction from an RNA sam^e are desc nbe^ - 
example, in Ausube, et a,,. Cunen, Protocols <n Mo>ecu,sr ^"'^V 
8, Sons New York and PCft.' Praer/ca/Zlpproac/., IRL Press, 1991. To 

,0 tepare RNA for this purpose, a facile procedu s ' 'V^s --.er^ont.^ 

detergen, (such as 0.5% Nonide. P-40,, buffer <«-9-- J' 
salts that has been, immediately prior .o use, mixed .1000 w , h a 1^.0^ 
die,hy.pvrocarbonate solution in ethanol. ^-r -Pl^^^^^^^^^^^ - 'J-,,^, 

with this solution, a supernate containing RNA is "P^'^'' ^ ^ 
25 of nuclei by centrifugation. Primer, which is 3-«-"v the same a on^^^^^ 
primers used in the subsequent PCR cycling reaction, is annealed .o the RNA 
b hea.ing .e.g.. .o abou. 6S-C, and subseguently reducing the temperature 
1 generally, about 37»C. The reverse transcriptase, nucleotide triphosphates 
and suitable buffer fif no, already present, are then added to initi.e DNA 
30 synthesis. Generally, a small volume .e.g., about 1 .0 to "-^^^ ^^-^^^ 
rnatenal from the cDNA synthesis is added to a solution .e.g.. about 50 

h.iffpr DNA polymerase, nucleotide 
about 100 ^l) containing the buffer, uima p tpmoerature 
^ ^ore npeded for the PCR amplification. The temperature 
triphosphates and primers needea tor uic 

cycling program is then initiated. 
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Nybridizatio " Procedures 

The advantages of the parallel reaction device as it relates to 

conducting PCR react.ons also substantially apply to conducting hybridization 

procedures The ability of the valves of the parallel reaction dev.ce to 

. accorr^rr^odate elevated temperatures allov^s the system to be used m 

' hybridization protocols. While hybndization reactions are not as sensitive to 

contamination as PCR reactions, these reactions are nonetheless very sensitive 

to contammation. the risk of which is substantially reduced with the 

disposable system of the invention. 

Procedures for conducting hybridizations are well known in 

the art See, for example. Ausubel et al.. Currer^t Protocols in Molecular 
Biology, John W.ley & Sons, New York and Sambrook et al.. Molecular 
Cionir^g: A Laboratory Mar^ual. 2nd ed.. Cold Spring Harbor Press. 1989. In 
these procedures, a nucleic acid such as (a) a sample source of nucleic acid 
15 contain,ng a target sequence, or (b) a probe nucleic acid is bound to a solid 
support and, after this binding, the remaining binding sites on the support are 
inactivated. Then, the other species of nucleic acid, which has bound to it a 
detectable reporter molecule, is added under appropriate hybridization 
conditions. After washing, the amount of reporter molecule bound to (i.e. 
.0 hybridized with) the nucleic acid on the solid support is measured. 

For instance, a hybridization can be conducted in a reaction 
chamber in the parallel reaction device, where the reaction chamber contains a 
nitrocellulose membrane (or another membrane that binds nucleic acid) to 
which RNA has been bound (for instance, by electrophoretic or capillary 
blotting from a separation gel, followed by baking). A Northern 
prehybridization solution can then be introduced into the reaction chamber 
from one of the fluid chambers. (The recipes for Northern prehybridization 
solution (p. Al-40), Northern hybridization solution (p. A1-39), SSC (p. 
A1-53 20X recipe) and Denharfs solution (p. A1-14, lOOX recipe) of 
so Ausubel et al., Short Protocols in Molecular Biology. 2nd Edition. John Wiley & 
Sons 1992 are incorporated herein by reference to more fully exemplify the 
hybridization methods that can be conducted in the parallel reaction device; 
note that the salmon sperm DNA recited in two of these recipes, which DNA 
serves as a competitor to reduce nonspecific hybridizations, is typically 
sheared prior to use.) The membrane and prehybridization solution are 
incubated overnight at a temperature between about 37=C and about 42»C. 
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depending on the melting temperature fo, the .nteraction between target 
te^ence and ,he probe sequence. Note that these incubat.on t-P-'-« 
are in the range that is generally appropriate g.ven the presence of 50 /. 
formamrde in the prehybridization and hybridrzation solutions; for 
r, hybridizations conducted w.thou, formamide, ,n=uba.,on temperatures are 
' typically higher, such as about 55"C to about 70"C. The membrane .s then 
exposed to Northern hybrid.zation solution containing melted probe and 
incubated overn,ght at the same temperature used in the prehybr.d,za„on. 
Following hybndization, the hybr.d.zation solution ,s pushed ou, o, the react.on 
,0 Chamber, the reaction chamber is brought to about 2S'C and a firs, wash 
solution ,1X SSC, 0., % w/v sodium dodecyl sulfate. ,s .ntroduced^ Afte IS 
m,nutes, the wash is repeated. After an additional 1 5 m.nute wash a ,h,rd 
and final wash is conducted us.ng 0.25X SSC. 0.1 % w/v sodium dodecyl 

'""^'^ ^^^^ hybridization method is exemplary only. 

Numerous other hybridization methods can be conducted in the system, 
including those described in the following sections of Ausubel e, al.. S/,o« 
Pro,oco,s :n MCeculer Biology, which are incorporated herei,, by 
Un,t 2 9 PP 2.24 to 2-30 and the recipes of Appendix 1 referred to therein. 
,0 on 6 PP 6-6 to 6-7 and the recipes of Appendix , referred to therein: and 
Uni 13 2 p. 13-44 and the recipes of Appendix 1 referred to therein. 

Usrng the parallel reaction dev,ce of the mventron, the 

el.ya.ed temperatures required for hybridization reactions can be handled ,n an 
automated apparatus, for Instance, hybridizations can be conducted at a 
temperature defrned by the melting temperature T„. T„ values for any 
hybr,dizat,on probe can be calculated using --7^";;-"^^^ ^^^^^ 
such as 01190 TM V4.0 from National Biosciences. Inc.. Plymouth. MN. 

In immunoassay procedures, the antibody-antrgen b.nd.ng 
reaCons are generally conducted at room temperature or at a -"--^ 
temperature, such as about 4=C. After the bind.ng reacons, P-"'- 
are generally .ndrcated by an enzymic reaction, typically mediated bv the 
enzyme aLline phosphatase, which enzyme reacon ,s generally conducted 
at a temperature between about 20-0 and about 40»C. The parallel react.on 
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device of the invention allows these assays to be auton^ated .n a system that 
allov^s fast and reliable temperature regulation m the temperature range 

between about 0»C and about 40°C. 

Typically, modern antibody-based screening procedures use a 
solid support to which an "antigen" (which is a substance that when injected 
into an animal, often in the presence of "adjuvants" known to enhance 
antibody production, can cause the animal to manufacture antibodies specific 
for the ant.gen) or an antibody has been attached. Alternatively, the antigen 
is found on the surface of a cell, such as a bacteria or eukaryotic cel.. and the 

10 cell can function as a solid support. ^ . ,k 

In one assay (indirect ELISA), the antigen is bound to the 
support and a sample which may contain a first antibody specific for the 
antigen and produced by a first animal species is incubated with the bound 
antigen. After appropriate washing steps, a second antibody from a second 
,5 animal species, which antibody is specific for antibodies of the first species 
and is attached to a detectable moiety (such as alkaline phosphatase), .s 
incubated with the support. If the sample contained the first antibody, the 
second antibody will bind and be detectable using the detectable mo.ety. For 
instance, if the detectable moiety is alkaline phosphatase, detection can be 
reconducted by adding a chemical, such as p-nitrophenyl phosphate, that 
' develops a detectable characteristic (such as color or light emission) in the 
presence of a developing reagent such as a phosphatase enzyme. This assay 
can, for instance, be used to test blood for the presence of antibodies to the 
AIDS virus. 

,5 in another assay (direct competitive ELISA) that uses a 

' support with bound antigen, a sample which may contain an antigen is 

incubated with the support together with a limiting amount of an antibody 

specific for the antigen, which antibody has an attached detectable moiety. 

Due to competition between the solution phase antigen and the support-bound 
.0 antigen, the amount of antigen in the sample correlates with reduced amounts 

of antibody that bind to the support-bound antigen and a weaker signal 

produced by the detectable moiety. 

Another assay (antibody-sandwich ELISA) uses a first 
antibody spec.fic for an antigen, which antibody is bound to the support. A 
.5 sample wh.ch may contain the antigen is then incubated with the support. 
Following this, a second antibody that binds to a second part of the antigen. 
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. K H.e .n attached detectable moiety, .s incubated with the support. 

=n..en, a..en ... ..e suppo. ana .en 
, .he detectable second ant.body^ Th,s is the bas.s ,cr tne home 
pregnancy test, where the antigen ,s .he pregnancv-assocated hormone 

5 chorionic ^"-'^^^^^.e. assay .doub.e antibodysandwich EUSA, tha, uses 
a support with bound ant.body, a sample which may contain a first anfbody 
rem a st species is incubated w„h a support ,ha, has bound to ,t a second 
1^2 from a second species that is specific for antibodies of the f.rst 

,0 fpec es ran gen for L firs, antibody is then incubated -port. 
Tna" a third ant.body specific for a portion of the antigen not bound by the 
f^st nubody ,s incubated with .he support. The third antibody has an 
attached detectable moiety, if the sample con.ained the .,rst ant.body, the 
detectable third antibody will bind to the suppor.. 

, . These and o.her immunoassays are described ,n Units 11.1 
and 1 1 2 of Ausubel .. al., S/>orf ;>«.roco/. /r. Molecular Biology (PP. 1 1-1 .» 
, 1-1 7,,' Which .ex. and .he recipes of Appendix 1 ci.ed therein, are 
incorporated ...rate .he present invention 

20 but. of course, should not be construed as in any way limiting its scope. 

CxamDie 1 - Hassette Pabrtcation 

^^''^ The following example illustrates fabrication methods used ,n 

constructing cassettes for a micofluidics device of the present invention, 
construct g ^^^^^^^ ^^^^ ^^^.^^^^ ^„„,3,„,„g 

cv,..ro 1 Cassette bodies have been made 
components that are shown .n F.gure 1 . Cassette do 

,romhigh.densitypo,yeth.ene^b^^^^^^^^^^ 

■"^'^"''^"''""rne ersZ The membrane covering the 

between positive and negative ho. dies. For membranes P°^^«-' 
polyethylene lamina.e, the dies were hea.ed to a temperature of ab-e ^ 40 C. 

\i ce .h,s is above the melting poin, of the ^^^^^^''^'^^^ZT 
3, with the polyethylene was made of P°'Vte.ra.luoroe,hylene^ ,° P vent 
adhesion. A preferable material for embossing is a .luoropolyme,/ 
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p„,ve..v.ene ,3n„na,e wh.ch can .e g.ven a mce pe.manen. Reformation a, a 
ower Jmp.ra.u,e ana w.ic. .as a ,ower wa.a, P^'""';'' V- 

Heat sealing: The membrane was sealed to the cassette 
. hn> aluminum die with raised lands corresponding to the heat 
body us,ng „ approximately 150 to 300 psi over 

' acri-r e appiL ,o, 1 to 2 seconds. Following application o. 

the actual sea ,„enched by water channels running 

? 'l^tCdrbl c. or r*e was litted. Superio Its were obtained by 

K ' thTd^ With a 2 mil thick membrane of a polyester/,ow-dens,ty 
, 0 Z^^e e ^atna:, sealed to a body o. high« polyethylene a *e 
Lmperature o, ,S6"C was used. A blister 0.5" in diameter sealed ,n th,s 
manner withstood .ntemal pressures in excess of 50 psi. 

To preserve uniformity of seal over a cassette of extended 
size the cassette regions at the seal were formed into a raised ridge, about 
„ O 01- high, variation in the amount the die deforms the base mater.aK 
" nating from small variations in cassette ^^^^^^ ^X^^^^"' ' 
minimum variation in the volume of base material displaced. This ridge 
Tucture was found to reduce the extruded materia, in regions such as the 

well surrounding a valve. 

Bursapal.™ structure: The outer seal of the Bursapak™ was 

■ made as described above. The center sea, was made using a die heated to 
Tempe ture of about 156-C. This die contained sma„ independen.,y sprung 
Z Pins which contacted the center sea,. The ,ower -"^""^v;^^^ 
steel and the air gap between the pins and the die were designed to restnct 

. ramoun. Of hea, -;;;-jrcrettere::tr::::rr 

:r:; ». the membrane was above its mating 

'1, This sea, was demonstrated to withstand an internal excess pressure of 
::o:t , e ps: Above .his pressure, it ruptured as required by the design and 
,0 released the contents of the Bursapak™ through the cemra, port. 

Liquid fiU: Liquid fi„ of both Bursapaks and storage vessels 
similar ,o ,he "waste vesse," of Figure 1 was achieved. The input needle was 
conl ed to a 2.wav valve which cou.d be switched between a vacuum 

pump and a syringe supp,ying the quid. FCowlng - 

:.3 vessel by the pumo. -or a few seconds, the valve was switched n. ,he ves", 
,l„ed by the syringe The fi„ed vesse, then contained no ai, bubbles Both 
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septum as shown in Figure 1 . and a s-mple entry port were used for fill.ng. 

Sealing of the entry channel was ach.eved by a hot rod. as indicated .n 

Figure 2, which melted the channel closed but kept the polyester component 

of the membrane sufficiently intact. 
^ Valve operation: Valves, constructed as in Figures 1. 5 and 

' 6 were fabricated according to the above descriptions. A molded 

polyethylene body and polyester/polyethylene membrane was used. 

Functioning was tested using pneumatically operated steel plungers. W^h a 
plunger force of approximately 0.8 lb. and a water pressure of 20 ps.. the 
10 leakage rate was less than 0.1 microliter per minute. 

Fv».mnle 2 - Pf^-R AmplHi ^^tinn Reaction 

The following example illustrates one embodiment of the 
present invention whereby a PGR amplification reaction Is conducted in the 
1 ^ context of a cassette in a microfluidics device. 

1 5 context ^ ^^^^^ _^ conducted using the cassette 200 illustrated 

in Figures 4A-4E, the device having alpha through delta first reaction 
chambers 262A-D, which are used for lysing the cells in the samples and 
alpha through delta second reaction chambers 262A-D, w.th each f.rst 
.0 reaction chamber 261- second reaction chamber 262 pa.r forming a separate 
reaction flow-way 265. The parallel reaction dev.ce^has a set of o- ^^^^^^^ 
auxiliary block, e.g. 1 500A and one lower auxiliary block, e.g. ^ ^OOB ^^^^^^ 
Shown), for each of first reaction chamber 261 and each second reaction 
chamber 262. The cassette 200 has pumps for moving fluid rom one 
25 Chamber to another chamber. For instance, the gas pressure flow control 
..eans or the foot-pad pumps described above can be used to empty 
chambers and push the fluid therefrom into another chamber. Va'^^^^^^ 
between the various chambers contained in the dev.ce regulate ^-J'^- o^ 
f,..ds between and among the chambers. The reaction protocol .s as follows. 
3P 1 Each of the four first reaction chambers 261 receives 

from a connected first supply chamber 25 1 a suspension in 1 60 ^ of 
paramagnetic DNA-binding beads having a diameter of 2-4 mils, that can be 
used in the cell lysis stage to bind the DNA released from the lysed ce s 

nwo^heads'' DNA Direct'^, available from Dynal. Lake 
(these beads are. e.g.. Dynabeads uinm u Ko,^K«rc 
Success NY). The beads are locked in place m the lys.ng reaction chambers 
261 using the magnet 1 1 00 and suspending li.u.d .s drained into first waste 
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Chamber 271. Alpha first react.or. chamber 261 A receives a fluid (40 ul) from 
alpha fifth supply chamber 255A conta.r..r.g pur.f.ed DNA that ir^cludes the 
amplification sequer.ce being tested for m an amount sufficient to generate a 
positive result, thereby creating a positive control. Beta first reaction chamber 
5 261 B receives from beta fifth supply chamber 255B buffer solution or a 
biological sample known to not contain the target sequence (40 mD in place of 
the sample or positive control, and therefore serves as a negative control. 
Blood sample (40 m). stored in sixth supply chamber 256. is drawn into each 
of gamma and delta first supply chambers 261 C and 261 D. The first reaction 
10 chambers 261 are then filled with a lysis solution (100 jxl) that is drawn from 
alpha, gamma, epsilon and eta third supply chambers 253A, C. E and F. 
respectively. The lysis solution is a solution of amplification buffer 
supplemented with 1.0% v/w Tween 20 (Sigma Chemical Co., St. Lou.s, MO). 
(The lysis solution can be substituted with the solution provided by Dynal.) 
1. The temperature of first reaction chambers 261 is now maintained at 56"C. 

2. After 1 0 minutes, the lysis solution is emptied into first 
waste chamber 271 . The lysis solution which exits from alpha and beta first 
reaction chambers 261 A and 261 B, respectively, contains the cellular and 
serum residue of the blood sample. The DNA-binding beads, to which the 

20 cellular DNA is bound, remain in first reaction chambers 261 

3. Wash solution (100 nD composed of amplification 

buffer (40 mM NaCI, 20 mM Tris-HCI. pH 8.3, 5 mM MgSO,. 0.01 o/o w/v 
gelatin 0.1% v/v Triton X-100, Sigma Chemical Co., St. Louis, MO) is now 
introduced into first reaction chambers 261 from the connected second supply 
25 chambers 252. 

4. After 1 O minutes, the wash solution is transferred out 
of first reaction chambers 261 into first waste chamber 271. 

5. Steps 3 and 4 are repeated. 

6. Solutions (volume 30 containing appropriate pnmers 
30 for amplifying the target sequence (0.5mM) are then drawn into f.rst reaction 

chambers 261 from the connected beta, delta, zeta and theta third supply 
chambers 253B, 253D, 253F and 253H. Solutions (volume 30 mD containing 
the needed nucleotide triphosphates (0.2 mM each), are .ntroduced from the 
connected alpha, gamma, epsilon and eta fourth supply chambers 254A. 
•^'S 254C 254E and 254F. Solutions (volume 30 containing Taq polymerase 
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,2 Un.ts. available from Promega Corp., Mad.son. W.) are .ntroduced from the 
connected beta, delta, zeta and theta fourth supply chambers 254B^254D. 
254F and 254H. The contents of each of first reaction chambers 261 are 
then transferred to the corresponding one of alpha through delta second 

5 reaction chambers 262A-D. 

7 The controller then initiates a temperature program 

modelled on the protocol described by Wu et al.. Proc. Natl. Acad. ScL USA 

86- 2752-2760. 1989. The program first heats second reaction chambers 

262 to a temperature of 55»C and maintains that temperature for 2 mmutes. 

10 Next the controller cycles the temperature between a replication temperature 

of 72-C (mamtained for 3 m.nutes) and a DNA strand separation temperature 

of 94»C (maintained for 1 m.nute). After the replication temperature 

incubation has been conducted 25 times, the material in reaction chambers 

262 is analyzed for the presence of the proper amplified sequence. 

While this invention has been described with an emphasis 
upon a preferred embodiment, it will be obvious to those of ordinary sk.ll.n 
the art that variations in the preferred composition and method may be used 
and that it is intended that the invention may be practiced otherw.se than as 
.0 specifically described herein. Accordingly, this invention includes a 

modifications encompassed within the spirit and scope of the .nvent.on as 
defined by the following claims. 
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^^^uAT ly; CLAIMED: 

r A device for conducting parallel reactions, compnsing: 

(a) a cassette formed of a body having an upper 
surface a lower surface, and an edge, and including an upper film or a lower 

5 film attached to the upper or lower surface, respectively, wherein the upper or 

lower film is formed of a flexible material; 

(b) two or more reaction flow-ways in the cassette. 
Wherein each react.on flow-way comprises two or more fluid chambers which 
comprise a first supply chamber and a first reaction chamber having an upper 

10 wall and a lower wall, and wherein the fluid chambers are serially connected 
bv first fluid exchange channels: 

(c) a valve for controlling the flow of fluid through a 

first fluid exchange channel; 

(d) 

15 chambers; and 

(e) 



a pump for moving fluids into or out of the fluid 



a first inlet port on the cassette connected to a 
first supply chamber in e'ach react.on flow-way by a second fluid exchange 
channel. 

20 2 The device of claim 1 , wherein the body comprises 

' recesses in .ts upper or lower surface which, together with an associated 

upper or lower film, form the first and second fluid exchange channels, further 

comprising: ^ w ^ « t« 

If) at least one hole situated in the body so as to 

connect a first or second fluid exchange channel formed at the upper or lower 
surface of the body with a first or second fluid exchange channel formed at 
the other surface. 

3. The device of claim 1 , further comprising: 
' (g) one or more second supply chambers, wherein 
two or more fourth fluid exchange channels connect the second supply 
chamber to two or more react.on flow-ways, which fourth fluid exchange 
Channels .nclude two or more said valves so that fluid from the second supply 
Chamber can be directed to any one of the connected reaction flow-ways to 
35 the exclus.on of the other connected reaction flow-ways; and 

(h) one or more second inlet ports on the cassette 



wo <»7/27324 



PCTa'S97/00298 



- 52 - 

each connected to one of the second supply chambers by a separate third 
fluid exchange channel. 



4. The device of claim 5. further comprising 

5 



(i) a metering chamber interposed between the 



second supply chamber and the connected reaction flow-way. 

5. The device of claim 1 , wherein the upper and lower 
walls of each first reaction chamber are formed of an embossed portion of a 

10 said upper film and an embossed portion of a said lower film, wherem the 
embossing allows upper and lower walls of the first reaction chambers to be 
brought together to minimize the volume of the first reaction chambers. 

6. The device of claim 1 . further comprising: 
(j) one or more waste chambers; and 

(k) an exhaust port for evacuating one or more of the 
first reaction chambers or the waste chambers. 



7. The device of claim 1 , further comprising 

20 



(I) a heater for heating one or more of the fluid 



chambers; «■ j 

(m) a cooler for cooling one or more of the fluid 

chambers; and 

In) a temperature monitor for monitonng tne 
25 temperature of one or more of the fluid chambers. 

8. The device of claim 1 , further comprising: 

(o) a permanent magnet that can be positioned 
adjacent to one or more of the fluid chambers. 

30 

9. The device of claim 1 , further comprising 
(p) a detection chamber or channel having a 

transparent wall. 

3_ 10. The device of claim 9. further comprising: 

,q, a light source capable of directing light to the 
transparent wall of a chamber or channel. 
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n . The device of claim 1 0, further comprisirng: 

(r) a light detection device capable of detecting: 

(1) the light reflected from an illuminated 

s chamber or channel having a transparent wall. 

(2) the light transmitted through an illuminated 

chamber or channel having a transparent wall, or 

(3) the light emissions emanating from an 
excited molecule in a chamber or channel having a transparent wall. 

1 2. A device for conducting assays in parallel using fluids 
that are confined to a disposable cassette comprising: 

the disposable assay cassette, which compnses (i) at least 
two reaction flow-ways, including a first reaction flow-way designed to 
15 receive and assay an expenmental sample and a second reaction flow- way 
designed to receive and assay a negative control, (ii) for each reaction flow- 
way at least one supply chamber connected thereto and containing fluids 
needed ,n the assay and at least one reaction chamber, (iii) a negative control 
supply chamber connected with the second reaction flow-way containing the 
20 negative control, and (iv) a test sample supply chamber connected with the 
first reaction flow-way designed to receive a test sample through an .niet 
connected with the test sample supply chamber, valves for controlling the 
flow of fluids in the cassette, and an instrument comprising a temperature 
control unit for controlling in parallel the temperature in a reaction chamber m 
.5 each reaction flow-way. valve actuators for opening and closing the valves m 
the cassette, and one or more pumps for pushing fluid out of the vanous 
supply chambers and reaction chambers of the cassette. 

1 3. The device of claim 1 2. wherein the cassette further 
^0 compnses (v) a third reaction flow-way designed to receive and assay a test 
sample and a positive control, (vi) connecting routes between the test sample 
supply Chamber and both the first and third reaction flow-ways, wherein these 
connecting routes are controlled by valves that allow selective flow between 
the test sample supply chamber and either the first or third reaction flow-way, 
35 and (vi.) a first positive control supply chamber connecting with the third 
reaction flow-way containing the positive control. 
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14 The device of claim 1 2, wherein the cassette further 
comprises (viii) a fourth reaction flow-way designed to receive and assay a 
positive control, and (ix) a second positive control supply chamber connecting 
5 with the fourth reaction flow-way containing the positive control. 

1 5 The device of claim 1 4, wherein the cassette further 
comprises (v) a third reaction flow-way designed to receive and assay a test 
sample and a positive control, (vi, connecting routes between the test sample 
10 supply chamber and both the first and third reaction flow-ways where.n these 
connecting routes are controlled by valves that allow selective flow between 
he test sample supply chamber and either the first or third reaction f ow-way. 
and (viii) a first positive control supply chamber connecting v..th the third 
reaction flow-way containing the positive control. 

1 6. A method of conducting assays using the device of 
claim 16, which method comprises: 

(a) providing the device for conducting assays m parallel, 
wherein reagents and control materials are pre-loaded into the supply 
20 chambers; ^ ^^^^ ^^^^^^ .^^^ ^^^^ ^^^p,^ ^^pp,^ 

chamber; and ^^^^^^^^ ^^^^^^^^ ^^^^^^^^ ^^^^.^^ ^,^^.^3^3 

the test sample and (2) the negative control. 
" 1 7 A device comprising a cassette suitable for conducting 

reactions therein, which cassette comprises a body having one or more 
recesses and one or more embossed films covering the recesses. 
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